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SUMMARY 
The work described in this thesis deals with monitoring of 
rivers Ganges, Yamuna, Hindon and Kali for their physico-chemical 
c h a r a c t e r i s t i c s , h e a v y m e t a l s and o r g a n i c p o l l u t a n t s 
(organochlorines, polycyclic aromatic h y d r o c a r b o n s , p h e n o l s , 
etc.). Apart from monitoring studies, the disposal of refinery 
wastes (oily sludge) on land (landfarming) has also been studied. 
Chapter 1 is a review of the literature on monitoring of 
rivers for their physico-chemical characteristics, heavy metals 
and organic pollutants and land disposal of wastes. It has been 
found from the survey of literature that little or no work has 
been done so far along the stretch of the rivers under study. The 
studies on the disposal of the refinery wastes on land have also 
not been carried out in this country. In view of this, it was, 
therefore, felt that there is a necessity for the monitoring of 
rivers and oily sludge disposal on land. 
Chapter 2 describes the experimental part of the work and is 
mainly devoted to sampling, analytical procedures and techniques 
used. A detailed description of the procedures involved during 
the analysis has been given. 
Chapter 3 deals with the physico-chemical characteristics 
and heavy metals in sediments and submerged plants of river 
Ganges. The stretch (about 236 km) under study was from Narora to 
Kannauj. 
The concentrations of Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn 
in the sediments ranged between 2.70-4.50, 10.59-32.40, 27.44-
130.00, 3.69-81.29, 4870.0-87440.0, 80.20-332.20, 12.06-38.15, 
20.27-547.80 and 4.10-147.30 ug/g, dry weight, respectively. The 
levels of Cd and Pb at all the sampling sites were found higher 
than the world's mean sea sediment concentrations. The metals 
were detected in high concentrations at the sites having alkaline 
p H , m a x i m u m % C a C O g and h i g h o r g a n i c m a t t e r c o n t e n t . 
S e d i m e n t a t i o n of the m e t a l s m a y h a v e o c c u r r e d t h r o u g h 
precipitation with CaCOg and interaction with organic matter. 
There was high metal content during the p o s t m o n s o o n duo ,:o 
surface runoff followed by summer because of c o n c e n t r a t i o n 
factor. 
In the submerged plants, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and 
Zn level ranged between 0.48-4.42, 2.42-40.83, 12.72-269.00, 6.3--
1344.0, 430.00-10522.00, 142.08-9498.00, 5.11-49.62, 9.40-7450.0 
and 4.30-1124.00 ug/g, dry weight, respectively. All the three 
plants studied showed high metal enrichments whereby Vallisneria 
spiralis is tolerant towards C d , C o , Ni , P b , Fe, Mn and Zn, 
Hydrilla verticil lata towards Cr, Ni, Cd, Co, Cu, Fe, Mn and In 
and N e c h a m a n d r a a l t e r n i f o l i a t o w a r d s C r , P b , Cu and Zn 
accumulation. The high metal accumulation in the plants may be 
due to their uptake from the sediments as well as from the water. 
The sources of these metals may have been probably the 
domestic sewage, land surface runoff and to a lesser oxtent 
industrial effluents coming from upstream as the river does not 
receive any major industrial e f f l u e n t s in this s t r e t c h . The 
Ganges river at Kannauj was found to be the most polluted among 
the sampling sites chosen. The results showed that sediments and 
submerged plants can be used as a good indicator of heavy metal 
pollution in aquatic environment. 
Chapter 4 deals with the physico-chemical characteristics 
and heavy metals in water and sediments of three Indian rivers 
(Yamuna, Hindon and Kali). The data have 1 een compared with ti.cse 
of rivers Maume, Cuyahog, St. Mary's, Ganges, Msimbazi, Lagan and 
Chao Phraya. 
The physico-chemical characteristics of the rivers indicate 
that the rivers are being grossly polluted interms of dissclvea 
oxygen (DO), COD and BOD. Considerable variations of heavy meta's 
in the s u r f a c e w a t e r of the r i v e r s w e r e o b s e r v e d . T h e 
concentrations of Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn ranged 
between 1.6-17.0, 8.6-65.2, 3.9-152.0, 5.8-26.4, 338.4-2896 0, 
9 . 5 - 4 1 8 0 . 0 , 3 0 . 6 - 1 3 2 . 3 , 6 . 1 - 1 6 9 . 0 and 2 7 . 9 - 2 5 8 . 0 u g / l , 
respectively. The levels of C u , Pb and Zn of as! the riv.rs 
exceeded the world's mean stream concentration of 7, 3 and 20 
ug/1, respectively, whereas Cr exceeded the stream standard for 
tropical countries of 50 ug/1. 
The importance of the water quality from the health point of 
view is very significant because about 30X of the p o p u l a t i o n 
lives on untreated water as far as the drinking and thi other 
domestic uses are concerned. The levels of Cr (summer), Fe, Cd 
(Okhla, Mathura D/S and Ghaziabad), Mn (Okhla and Aligarh) and Pb 
(Mathura D/S and Ghaziabad) exceeded the prescribed limits for 
drinking water. Therefore, the water is not suitable at all for 
the drinking purposes without proper treatment. The river water, 
h o w e v e r , w a s f o u n d s u i t a b l e for the i r r i g a t i o n of the 
agricultural land. 
The sediments in a river body play a very important role in 
determining the extent of pollution as all insoluble pollutants 
settle down. These in&oluble p o l l u t a n t s .,Jways pose a ci&r.ger 
when get dissolved in water. The levels of heavy metais in 
sediments detected ranged between Cd 0,96-1.82, Co 11.20-?o.60, 
Cr 33.36-181.96, Cu 4.00-22.00, Fe 2060.0-50S20.0, Mn 107.00-
776.00, Ni 85.40-406.00, Pb 19.50-80.18 and Zn 57.40-492.00 ug/g, 
dry weight. It has been observed that high c o n c e n t r a t i o n of 
metals were present at sites havir^g alkaline pH, high percer.tage 
of CaCOg and organic matter, indicating that sedimentation of 
heavy metals occurred through these parameters. The sediments may 
be used as a good indicator of heavy metal pollution in rivers. 
The water quality at Wazirabad (Delhi) was c o m p a r a t ve 1 y 
better than the other stations downstream of river Yamuna. As the 
river passes through Delhi and M a t h u r a , the water quality at 
downstream deteriorated due to input of sawags and industrial 
wastes from these cities apart from the land surface runoff 
during the monsoon. Therefore, the rivers Y a m u n a (Delhi to 
Mathura), Hindon (Ghaziabad) and Kali (Aligarh) are grossly 
polluted and is comparable to the polluted rivers of the globe. 
The studies on gas chromatography- mass spectromstric (GC-
MS) analysis of four polluted river waters for phenolic and 
organic compounds have been given in Chapter 5. Some selected 
sites of four north India's major rivers (Ganges, Yamuna, Hirdon 
and Kali) were monitored for phenolic pollution during the four 
seasons (spring, summer, winter and postmonsoon) in 1968-89. GC-
MS was the technique chosen for the survey due to its sensitivity 
and ability to identify even unknown compounds encountered during 
analysis. Recovery studies carried out showed recovery o-^  
trichlorophenol above 53%, however, pentachlorophenol showea a 
higher recovery due to interfersr.ee,. 
P h e n o l s and m o n o b r o m o d e r i v a t i v e s of phenol w e r e not 
detected at any of the sampling spots of the rivers. There were 
no p h e n o l i c c o m p o u n d s d e t e c t e d in r i v e r s H i n d o n and K a l i . 
Trichlorophenols and pentachlorophenols, suspected of causing 
c a n c e r , w e r e f r e q u e n t l y d e t e c t e d and at t i m e s a b o v e the 
permissible limits for drinking water standards (WHO). The 
chlorophenols detected were within the raw water standards and 
some exceeded the odour and taste threshold (WHO). The absence of 
phenolic compounds at most of the sampling sites may probably be 
due to their incorporation with the sediment?. 
The Ganges river was found to be polluted most by phenolic 
compounds at Kannauj, followed by Narora, Kachhla and Fatehgarh. 
The maximum concentration were found at M a t h u r a d o w n s t r e a m 
followed by Mathura upstream, Okhla, 170 and none at Wazirabad. 
The presence of organic compounds other th&n p h e n o l s in the 
G a n g e s r i v e r d u r i n g t h i s s u r v e y s h o w s t h a t t h e rivet is 
organically polluted especially with cyclohaxanes. The scurcos of 
the phenolic compounds in the Ganges river seem to be dor..astic 
sewage and agricultural runoff in the a b s e n c e of industrial 
sources of phenols. In addition to these sources, the refinery 
effluent discharged into the Yamuna river is most probably seems 
to be responsible for the freqi.-ejTt cccurrt-.-ice of phenol ics ut 
Mathura downstream. The municipal sewage a.id industrial effluenis 
seem to be the source of these substances in Yamuna at Delhi. 
C h a p t e r 6 d e s c r i b e s the s t u d i e s on m o n i t o r i n g of 
o r g a n o c h 1 o r i n e ( O C ) p e s t i c i d e s and p o l y c y c l i c a r o m a t i c 
hydrocarbons (PAHs) in the s e d i m e n t s of river G a n g e s at some 
selected sites. The stretch ui'jdertaken is from N&rora to Kannauj 
covering about 236 km of the rivar. 
Fourteen OC pesticides and two PAHs were selected -co monitor 
the p o l l u t i o n in the s e d i m e n t s of r i v e r G a n g e s by G C - M S 
technique. The frequently detected OCs w e r e i - B H C , a l d r i n , 
dieldrin, heptachlor and heptachlor epoxide being identified in 
56.25 (0.002-0.014 ug/g), 56.25 (0.0012-0.012 ug/g), 50.0 t0.002--
C.014 ug/g), 43.75 (0.0014-0.008 ug/g) and 53.25^ (C.0 0 2 - 0 .018 
ug/g), respectively, of the samples a n a l y z e d . The freqi-'ently 
detected PAH was phenanthrene, 56.25^ (0.0002-0.0176 :ig/g). Only 
a few OCs were detected at Fstehgarh and Kannauj whereas no PAHs 
were detected at Kannauj. Benzofa) pyrens was only detected at 
Narora in March. Generally, low levels of ths OCs and PAHe were 
detected. Although high organic matter contents (0.045-0.48256) 
w e r e f o u n d at s o m e of the s i t e s , no c o r r e l a t i o n c o u l d be 
established with the organic contaminants. 
T h e G a n g a w a t e r at K a c h h ^ a w a s r o u n d to be the m o s t 
polluted, followed by Narora arsd least polluted at Fatehgarh and 
Kannauj. The major soi<rce of these o r g a n i c contafnirar.es is 
possibly the municipal wastewaters originating from residential 
areas as these pesticides are mo>stly used "'or vector control. The 
contribution due to agricultural runoff is negligible because 
•their consumption for agriculture is very low. 
Chapter 7 deals with studies on oily sludge disposal on 
land. The oily sludge generated from storage tank of G u j a r a t 
Refinery was used for land a p p l i c a t i o n . A field study was 
conducted on sludge having 80% oil with the aim of studying the 
disposal of oily sludge in alongwith the cultivation of crops 
(millet). Two application rates of oily s l u d g e , 50 and 100 
1/m^.year were investigated. The study carried over to two crop 
cycles over a period of two years. It was found that only 0.0025 
kg oil/kg soil per month was degraded. This would amount to an 
oily sludge application rate of 9.4 1/m^.year when the sludge 
c o n t a i n s 805^ o i l . The h i g h e r a p p l i c a t i o n r a t e s r e s u l t in 
accumulation of oil in soil. For example, for steam pit treated 
8 
sludge containing only 20* oil, the application rate could be 
37.6 l/m^.year. Samples of soil taken at various depths showed 
that leaching of oil was minimal even at high application rates 
used in the study. Leaching would still be further reduced for 
the above recommended application. Cultivation of hardy crop such 
as millet alongwith sludge application is recommended eventhough 
this may not result in any increase in oily sludge decomposition. 
T h e a g r i c u l t u r a l p r o d u c t i v i t y of tha land r e c e i v i n g the 
recommended application rate is not expected to decrease. 
The sludge could also bs applied to the green belt area 
around the refinery at above r a t e s . It is recommended that 
regular monitoring programme be instituted if this alternative is 
adopted. 
The oily sludge contains a number of heavy m e t a l H o w e v e r , 
the recommended application rate may not. pose any environmental 
hazards. 
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Chapter 1 
GENERAL INTRODUCTION 
1.1 ENVIRONMENTAL POLLUTION 
The global environment consists of the a t m o s p h e r e , the 
h y d r o s p h e r e and the l i t h o s p h e r e in w h i c h l i f e - s u s t a i n i n g 
resources of the earth are contained. The important components of 
environment which are identified are air, water and land with 
soil, minerals, plants and animals and climate. Environmental 
pollution has been defined as the unfavourable alteration of our 
surroundings, partly or largely, as an impact of increasing 
industrialization and related human activities, thus adding one 
or several substances introduced by man to such an extent as to 
affect health of natural human system and the life in the 
environment as such. 
The major source of pollution arises from man's activities. 
They include human, animal, industrial and agricultural wastes. 
Human wastes contain pathogenic organisms which are responsible 
for the spread of communicable diseases such as cholera, typhoid, 
dysenteries and other gastro-intestinal diseases. These wastes 
also contain putrescible materials which are r e s p o n s i b l e for 
obnoxious conditions and irreparable damage to the aesthetics of 
land and water environment. Industrial wastes contain a wide 
variety of organic substances and minerals including cyanides, 
arsenic, mercury, cadmium, carcinogens which are toxic to human, 
animal and plant life. Agricultural drainage carries dangerous 
pesticide residues and unused fertilizer ingredients. When the 
wastes are let out in the environment without adequate treatment 
they c a u s e a i r , w a t e r and land p o l l u t i o n s u b s e q u e n t l y 
disbalancing the ecological cycle. In general terms, pollution 
cause degradation and/or damage to the natural functioning of the 
biosphere. 
Indeed, we have started to look at the problem seriously 
only after the pollutants and poisons in our air, earth and water 
piled up to the point where they posed a serious threat to human 
life. We are now aware that it is gigantic task to make up within 
a few years for decades or rather centuries of e n v i r o n m e n t a l 
damage and degradation. Environmental pollution is not only 
associated with industrial growth but also with the pressure of 
population on scarce natural resources. Urbanization without town 
planning is a cause of land pollution. Lack of basic civic 
amenities such as sanitation, water supply, housing in urban 
complex lead to the problem of waste disposal. The continuous 
influx of population from rural areas to urban areas has added to 
this problem. Having polluted the land, we started also to 
pollute the last clean place on the globe, n a m e l y , seas and 
oceans on the assumption that the self cleansing abilities of the 
s e a s and o c e a n s w o u l d s o m e h o w solve the p r o b l e m . The 
oceanographer Jacques Coustean warns us that the floor of the 
Mediterranean is littered with the debris and waste of modern 
technology. Ecologists assert that it is a dying sea. The cost of 
environmental pollution is high relative to s o c i o - e c o n o m i c 
advantages of increased industrialization. Therefore, it is more 
than high time that the problem of environmental pollution on an 
emergency basis have to be tackled. 
Pollution and pollutants can be classified in various ways 
which are summarised below : 
I. A Pollutant Based Classification : According to this approach, 
pollutants may be divided into : 
(1) Matter, and (2) Energy 
Matter pollutants may be s o l i d , liquid or gas and may 
further be broadly classified as : 
(a) Inorganic pollutants (Table 1.1), and 
(b) Organic pollutants (Table 1.2) 
Energy pollutants may be h e a t , e . g . , waste heat in the 
cooling water from a power s t a t i o n , s o u n d , e . g . , noise and 
radiation, e.g., gamma radiation from a radioactive source. 
II. A Medium Based Classification : According to this approach, 
pollution is categorised according to the medium of dispersal and 
may be : 
(a) Air pollution 
(b) Water pollution 
(c) Land pollution 
(a) Air pollution 
Air pollution has become an increasingly important aspect of 
environmental pollution in the wake of rapid industrialization, 
and has assumed a stage of great concern in many urban cities of 
India. The primary pollutants, which account for more than 90% of 
the air pollution problems are carbon monoxide (CO), nitrogen 
oxides (NO^), hydrocarbons (HC)^, sulphur o x i d e s (SO^) and 
particulates. Air pollution is the cause of many respiratory 
ailments, much discomfort and loss of a m e n i t i e s arising from 
deposition of dust, unpleasant odour and diminishing sunlight. 
The two important recent problems of great concern in this 
field are the Green House Effect and the Ozone Layer depletion. 
Scientists have estimated that the green house effect will amount 
to an average temperature rise of about S'C by the year 2030. The 
ozone layer depletion has adverse e f f e c t s on life such as 
increase of skin cancer, eye ailments, damage of immune system, 
shorter life of paints and plastics, crop yields and upset the 
ecosystem. The climate will become warmer and wetter and it will 
affect the green house problem, the use of chlorofluoro carbon 
(CFC), one of the main culprits in ozone d e s t r u c t i o n in the 
atmosphere and green house problem should be restricted or 
banned. 
(b) Water Pollution 
W a t e r is one of the most i m p o r t a n t c o m p o n e n t s in our 
e n v i r o n m e n t a l r e s o u r c e s . W a t e r p o l l u t i o n as a r e s u l t of 
increasing industrialization and urbanization in the country is 
assuming a dangerous course. The reported work on water pollution 
is much more than on any categories of pollution. Water being 
such a good solvent is ne^'er found naturally in a complete pure 
state, e.g., rainwater contains dissolve COg, O2 and N2 and other 
particulates from the atmosphere. The normal areas of water usage 
includes : recreation and aesthetics, public water supply, fish, 
other aquatic and wild life, agriculture and industry. 
Water is a potential carrier of pathogenic microorganisms 
which can endanger health and life. They are r e s p o n s i b l e for 
i n f e c t i o n s of the i n t e s t i n a l t r a c t c a u s i n g t y p h o i d and 
paratyphoid fever, dysentery, cholera and p o l i o , e t c . These 
organisms are present in the faeces or urine of the infected 
people and are somehow discharged into a water course from where 
the water is used for drinking and cooking purposes. 
The oil pollution is an almost u n e v i t a b l e c o n s e q u e n c e of 
d e p e n d e n c e of a rapid g r o w i n g p o p u l a t i o n on an oil b a s e d 
technology. Pollution of marine environment by oil does not only 
, arise from the blanketing effect of oil on water but also from 
the small but significant solubility of toxic hydrocarbons in 
water and effect of the heaviest fractions which sink and settle 
on the sea or river bed. This may ultimately cause destruction to 
the aquatic species. 
The sediments are soil and mineral particles wasted from the 
land by storms and flood waters, from crop lands, unprotected 
forest soils, overgrazed pastures, strip m i n e s , roads and 
bulldozed urban areas. Sediments fill stream channels and 
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reservoirs, erode power turbines and pumping equipment, reduce 
the amount of sunlight availability to green aquatic plants, plug 
waterfiIters and blanket fish nests, spawn, and food supplies 
thus reducing the fish and shellfish populations. 
The inorganic pollutants (inorganic salts, mineral acids and 
finely divided metals or metal) is another category of w a t e r 
pollutants. The presence of these pollutants results in acidity 
and salinity of water and soil. Mine drainage and acidic rainfall 
are the two main sources of increased acidity in natural waters. 
The salts give rise to salinity. The toxic properties of numerous 
inorganics, particularly those of some heavy metals have been 
known for years. 
The production of synthetic organic compounds like fuels, 
plastics, fibres, detergents, e l a s t o m e r s , s o l v e n t s , p a i n t s , 
pesticides, food additives and pharmaceuticals in the world has 
increased considerably. It is known that some d e t e r g e n t s and 
pesticides are resistant even to the biochemical degradation by 
natural water bacteria and therefore persist in the m a r i n e 
environment for a longer period of time. Some are toxic to fish 
and other aquatic organisms when present even in very low 
concentrations. 
(c) Land Pollution 
The g r e a t e s t land p o l l u t i o n , by far o c c u r s due to 
urbanization and population concentration [1]. Garbage, waste 
p a p e r , p a c k i n g m a t e r i a l s and w a s t e s from h o u s e h o l d s and 
industries form solid wastes and their improper disposal, i.e., 
by burning in open dumps, add to air pollution p r o b l e m . Land 
pollution also occurs due to d e f o r e s t r a t i o n , agricultural 
o p e r a t i o n s e x t e n d e d to f o r e s t and m o u n t a i n e o u s a r e a s , 
construction of artificial barrages or dams whereby large areas 
covered by green vegetation are submerged in water, mining of 
coal, oil, stones, etc. 
Urbanization is another aspect of land pollution. Less than 
1% of the populated areas of India are covered by drainage system 
which is very poor. It is not s u r p r i s i n g , t h e r e f o r e , that 
domestic and industrial effluents flow unrestricted giving rise 
to obnoxious odours, colours, etc. 
1.2 LAND DISPOSAL OF SLUDGES 
Land disposal of wet or solid sludges can be accomplished in 
a number of ways: surface impoundments and landfills, deepwell 
injection, incineration followed by landfilling of the ash and 
landfarming. 
The method selected depends on the availability, and cost of 
land, the distance of the available land from the source and the 
suitability of the soils and subsurface strata for accepting the 
sludges without adverse environmental impact to the groundwater 
or on adjacent areas. 
Surface impoundment or landfilling of wastes needs the 
protection of groundwater. Disposal sites must be impermeable to 
8 
w a s t e m i g r a t i o n t h r o u g h the use of liners and e x t e n s i v e 
groundwater monitoring is neressary. Hazardous wastes disposal in 
this manner are subject to minimal decomposition and thus must be 
continuously monitored even after closure of site. Landfilling 
are only considered as a disposal method where large land areas 
are available and the sludge will not present a nuisance to the 
surrounding environment. 
When suitable land is not available for landfilling or 
landfarming or if transportation distance is too great, it may be 
necessary to incinerate the solid wastes prior to final disposal. 
Although incineration is not as economically attractive as land 
disposal of wastes, it decreases the bulk of hazardous wastes and 
destroys its toxic organic constituents. The ash remaining is 
ultimately disposed off by l a n d f i l l i n g . Ash containing heavy 
metals may pose a problem to groundwater. 
Land t r e a t m e n t or l a n d f a r m i n g is p r e s e n t l y the m o s t 
attractive and a widely used means for disposal of various types 
of wastes containing organic constituents. This technique relies 
on the soil microbiota to degrade and stabilize hydrocarbon 
wastes in the environment, which is an acceptable land disposal 
alternative by environmental agencies all over the globe. Unlike 
other forms of land disposal, landfarming requires no physical 
barrier to isolate hazardous constituents from the environment. 
Instead, migration or leaching of hazardous wastes is minimized 
by soil processes. An important consideration is the heavy metal 
content of the sludge or wastes. At a pH greater than 6.0, heavy 
metal will exchange for Ca"^"^, Mg"'"'", Na"^ and K"^. The nutrient 
content of the sludge will support plant growth and the organic 
portion will also chelate heavy m e t a l s . H a z a r d o u s inorganic 
c o n s t i t u e n t s , such as h e a v y m e t a l s or p e r s i s t e n t o r g a n i c 
fractions of any wastes that are not readily biodegraded, tend to 
be immobilized in the soil by physical and chemical f o r c e s . 
Therefore, wastes not treatable by dynamic soil processes are 
unsuitable for landfarming because they are merely disposed 
through the soil and may eventually contaminate groundwaters. 
Oily sludges have successfully been disposed off on land by 
landfarming. Recent data indicate the following : 
(i) Oil degradation is directly related to the percentage of 
oi1 in soi1. 
(ii) Fertilization improved the degradation rate. 
(iii) Aeration (tilling) frequencies vary (from 1 week-2 months). 
(iv) Between 300 and 400 m^ (2000 and 2500 bbl) of oil per 
hectare should be degraded in an 8-month growing season. 
(v) Sludge farming is about one fifth as expensive as 
incineration. 
1.3 HEAVY METAL POLLUTION 
Of all the elements present on the earth's crust, H, C, N, 
O, Na, Mg, P, S, CI, K, Ca constitute 99.9% of all living matter. 
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In addition 14 elements, viz., B, F, Si, V, Cr, Mn, Fe, Co, Cu, 
Sc, Mo, Sn and I are the essential trace elements. The rest of 
the elements are either not essential for growth and development 
of organisms or their function in the biological systems has not 
been established. Iron and aluminium which have e x t e n s i v e 
applications in industry and daily life, are also perhaps the 
major components of the earth's crust. Fortunately the ecological 
consequences of the dispersion of these two elements in our 
living environment have not so far posed any serious health 
problems. Some of the trace metals, like Hg, Pb, Cd, As, Cr, Zn, 
Cu, Mn, which are not essential ones but when present in aquatic 
environment above certain levels are hazardous. 
Enhanced levels of heavy metals in the aquatic environment 
cause concern due to : 
(i) Possibility of accumulation of these metals in human 
body and building-up with time to toxic levels. 
(ii) Chronic and sub-lethal effects to organisms at low 
concentrations. 
(iii) Bio-concentration/accumulat ion and m a g n i f i c a t i o n by 
aquatic organisms. 
(iv) Persistence in the environment with possibilities for 
environmental transformation into more toxic compounds. 
(v) Possible intake through drinking water and a q u a t i c 
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food. 
(vi) High sensitivity of children for some of the heavy 
metals. 
(vii) Carcinogenic and teratogenic possibilities of some of 
the heavy metals and their compounds. 
(viii) Phyto-toxicity of heavy metals. 
(ix) Synergestic effect of heavy metals to organisms. 
The available information on metal toxicity, as it relates 
to human beings is derived mostly from health surveys among 
workers engaged in mining and processing of these metals. The 
most toxic among the heavy metals known, in view of environmental 
degradation are Hg, Cd, Pb, C r , Ni and As, which tend to 
accumulate in bodies of living o r g a n i s m s , persist and act as 
cumulative poison. A classic example of heavy metal enrichment of 
the a q u a t i c e n v i r o n m e n t is t h e d i s c h a r g e of the c a t a l y s t 
methylated mercury chloride into M i n a m a t a Bay from a factory 
m a n u f a c t u r i n g p l a s t i c s . T h e m i c r o o r g a n i s m s c o n v e r t e d the 
sedimented compound to m o n o m e t h y 1 - m e r c u r y which led to an 
enrichment of this largely toxic compound in fish consumed by the 
local fisher-folk resulting in the well known Minamata disaster. 
C a t a s t r o p h i c e p i s o d e s of m e t a l p o i s o n i n g such as c a d m i u m 
poisoning causing itai-itai disease by the consumption of rice 
containing high levels of cadmium, lead poisoning in children who 
licked toys painted with lead based paints, chromium poisoning. 
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and arsenic poisoning in young children from the consumption of 
dry milk powder to which arsenic-contaminated sodium phosphate 
had been added as stabilizer has dramatised the ill-effects of 
environmental pollution by toxic metals. It is obvious that the 
exposure to toxic elements in the work and living environment 
leads to health risks. Therefore, the crucial problem is, to 
assess the safety margins from the available epidemiological data 
and from those generated by experimentation. 
The problem of metal intoxication and metallic pollution of 
environment is, however universal and the situation in India may 
be considered very typical of the c o u n t r i e s which are on the 
process of development. 
W i t h the i n c r e a s i n g use of w i d e v a r i e t y of m e t a l s in 
industry and in our daily life, problems arising from toxic metal 
pollution has assumed serious d i m e n s i o n s . In g e n e r a l , it is 
possible to distinguish between d i f f e r e n t s o u r c e s from which 
metal pollution of the environment o r i g i n a t e s : geological 
weathering, industrial processing of ores and metals, the use of 
metals and metal components, leaching of metals from garbage and 
solid waste dumps, and animal and human excretions which contain 
heavy metal. 
Table 1.1 shows some common inorganic pollutants. 
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TABLE 1.1 SOME COMMON INORGANIC POLLUTANTS 
SI. 
No. 
Pollutants Sources Nature of 
Pollution 
Remarks 
1. Carbon roonoxida Incomplete combustion of 
carbon 
Air Leads to unconeciouanesB 
(300mg/1) and ultiinately 
death (750 mg/1). 
Carbon dioxide 
Sulphur dioxide 
Combustion of carbon from 
various source 
o n refineries, thermal 
stations, fertilizer and 
sulphuric acid plants, 
petroleum industries 
Air Excessive CO^ nay lead 
to green house effect. 
Air, water Damage nucleic acids 
Hydrogen sulphide Decomposition of organic 
matter, sewage, petroleum 
Industriee, refinerlea 
Air, water Respiratory Irritations 
In man, corrosion of 
materials, affecta grow-
ing tips of sensitive 
plants. 
Nitrogen oxides Combustion processes in 
air. exhausts of automo-
biles. explosive industrios 
Air Chronic respiratory 
ments. 
Ill-
Lead Exhausts of automobiles. Air, water, 
jet engines, artificial soil 
satellites 
Lead compounds coagulate 
body proteins and serio-
usly disrupt metabolic 
activities. 
7. Zn, Hg, Cu, Ni, 
Cd, Pb 
Various industrial dis-
charges 
Air, water, Minamata type of diseas 
soil (Japan) 
8. Phosphates Mainly from sewage of 
detergents 
Water Oxidative degradation of 
organic matter which 
consumes 0^ dissolved, 
algal boom, eutrophica-
tion of lakes, hamper 
fishing navigation, irr-
igation and hydroelec-
tric power. 
9. Nitrates 
10. Fluorides 
Sewage, fertilizer, 
explosive, chemical and 
food industries 
Industrial discharge 
Water. soiT Infantile mathaeaoglo-
binaemia. 
Water Excess of F leads to 
blackening of enaael of 
teeth. 
11. Arasnic Industrial waste liquors Water, soil Arsenic poisoning 
12. Clj. HCl Industrial discharge Air. water Respiratory ailments 
13. HCH and cyanides Steel plants, electro-
platinq 
Air. water, Stops breathing, blood 
soil poisoning. 
14. HNj and aamonium Fertilizer industries. 
compounds biodeqradation of protein- soil 
aceous materials 
Air. water. Paepiratory ailments. 
disrupt metabolic acti-
vities. 
15. Chromium Effluent of plating and 
other metal processing 
factories, tanneries wastes 
Water Disrupts metabolic acti-
vities. 
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1.4 ORGANIC POLLUTION 
The o r g a n i c p o l l u t i o n is due to the p r e s e n c e of 
biodegradable and nonbiodegradable organic c o m p o u n d s . The 
b i o d e g r a d a b l e c h e m i c a l s are s i m p l y s u g a r s , s t a r c h , f a t s , 
proteins, carbohydrates, polymers, organic substances found in 
domestic and industrial wastes and those synthetic substances 
which are not toxic to microorganisms and carry out biological 
oxidation processes. The biodegradable organic pollutants when 
discharged in a stream, deplete the oxygen content, resulting in 
the d e a t h of a q u a t i c l i f e . H o w e v e r , the n o n b i o d e g r a d a b l e 
chemicals are those which persist in the aquatic system longer 
like pesticides and detergents creating water quality problems 
even at very low concentration. Many trade wastes (e.g. wastes 
from manufacture of coal gas, organic chemicals and insecticides, 
etc.) contain poisonous organic compounds (such as phenols, tar 
bases, cyanides, and DDT) which not only have the objectionable 
property of killing bacteria and so rendering a river sterile and 
unable to undergo self-purification, but also in quite low 
concentrations can cause mortality amongst fish and other aquatic 
1 ife. 
The pesticides are among the important source of pollution 
which often have disastrous consequences. Environmental pollution 
caused by pesticides has not been much studied in India though 
the use of such chemicals has been increasing r a p i d l y . The 
widespread contamination of environment by pesticides has been 
reported [3] and sooner or later a large fraction of these 
contaminants find their way into ecosystem. 
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About 10,000 people die of pesticide poisoning [4] every 
year in the third world, according to the report of International 
Development Research Centre (IDRC). There are about 750,000 cases 
of pesticide poisoning all over the world annually resulting in 
about 14,000 deaths. Of these roughly 3,75,000 cases occur in the 
third world claiming some 10,000 lives in the countries where 
medical' treatments and antidotes were available. Pesticides have 
overtaken endemic diseases as a cause of death in many third 
w o r l d c o u n t r i e s and it is b e c o m i n g the m o s t p e r v a s i v e 
occupational hazard in the developing n a t i o n s . These figures 
refer only to acute poisoning w h e r e death or sickness occurs 
rapidly after exposure over a short period and do not include 
long term effects such as cancer, sterility, birth defects and 
debility in general. 
Pesticides enter the water from various sources. Edwards 
[3, 5] r e p o r t s m a j o r s o u r c e s to i n c l u d e f1) runoff from 
agricultural lands, (2) direct entry from spray operations, 
(3) industrial effluents, (4) sewage effluents, (5) spraying of 
cattle, and (6) dust and rainfall. Figure 1.1 shows the dynamic 
state of affairs in aq.uatic ecosystems describing the movement of 
a pesticide between environmental compartments. 
T h e increase in p r o d u c t i o n of t h e s e a g r o - c h e m i c a l s 
(pesticides) is the result of growing demand for food by the 
i n c r e a s i n g p o p u l a t i o n w h i c h u l t i m a t e l y c o n t a m i n a t e our 
environment. Thus chemical crop protection is a profit induced 
poisoning of the environment. However, agrochemicals, no matter 
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FIGURE 1.1 : Dynamic movement of pesticides in the aquatic 
environment f3] 
w h e t h e r they are o r g a n i c or i n o r g a n i c , have b r o u g h t g r e e n 
r e v o l u t i o n b u t t h e y h a v e a l s o p o l l u t e d a i r , s o i l , w a t e r 
resources, flora and fauna. 
Table 1.2 shows the properties of some common o r g a n i c 
pollutants. 
TABLE 1.2 : SOME COMMON ORGANIC POLLUTANTS 
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SI. Pollutanta 
No. 
Sources Naturs of 
Pollution 
Remarks 
1. Or^anpchJorlDe 
cpmpouods 
e.q. . DDT, BHC. 
Chiordans 
Poaticidsa Mr. water. Deposition in fat tisBuea. 
soil suspected carcinogens. 
e.g.. malathion. 
Honochrotophos 
Carcinocjen 
Csrifeatasififi 
e.g.. Isolan. 
Dimetan, Pyramat. 
Pyroloin 
Inhibitor of cholinoateraae 
Ihis&y-iiDafess 
e.q.. Lethane 60. 
Thanita. Lethano 384 
Intorferea with cellular 
respiration and iiiotabolism 
EsLrmainlfiinM 
e.q.. Chlordimofonn, 
Amitraz 
Carclnoqen 
Orqanoaulphura 
e.g., Tetradifon. 
Genite. Over. 
Coaparatively less toxic and 
affecta mites more 
QlnilrofihsnsLla 
e.g.. Dinitrocresol. 
Moroc i de. Karathane 
Causes rapid loss in weight 
Organotina 
e.g.. Plictran Inhibition of oxidative phoa-
phorvlation 
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9. 
tertiary nitrogen 
Acridins 
Amitrol 
Atrazino 
Azobsnzeno 
Bavistln 
CaHxIn 
2.4-Lut1d1n« 
2.e-Lut1d1n« 
p-P1coHn« 
V-PlcoHn® 
Pyridine 
Nicotinic «c1d 
Quinollna 
Picloraa 
Simazin* 
Tr1m«thyla«1n« 
Coal, patro- Air, water. 
leufli degra- soil 
datlon of 
protelnacBOUB 
materials. 
bone oil 
Coal. bone o11. 
tar, cotton eeed. 
sewage, sludge, 
sapropel. toba-
cco, etc. 
Tobacco 
Coal tar 
Pesticide 
Decay of fish Hater 
Carcinogen 
Liver Injury 
Carcinogen 
CMS daprssslon. irritation of 
skin and respiratory tract. 
Q.I. disturbances, kidney and 
liver damage and suspected 
carcinogen 
Carcinogen 
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1.5 LITERATURE SURVEY 
1.5.1 Physico-chemical studies on river pollution 
Environmental problems resulting from water, air and soil 
pollution have been long known to mankind. However only during 
the last few decades have they come to be regarded as problems of ' 
considerable magnitude after the pollutants have accumulated to 
the point where they pose a serious threat to human life. This is 
a problem worthy of serious attention because rivers are the 
major source of fresh water supply. Intensive researches have 
been carried out on monitoring of rivers all over the globe since 
environmental awareness arose. 
P o l l u t i o n s t u d i e s on the w a t e r q u a l i t y of t w e n t y - s i x 
Nigerian rivers were undertaken [6] during the dry season periods 
of 1977-78. The samples were analysed for BOD, C O D , p H , DO, 
ammonia, nitrate and phosphate. Seventeen of the rivers were 
found to be more or less unpolluted, six of them being of high 
q u a l i t y and the r e m a i n i n g n i n e w e r e f o u n d to be p o l l u t e d 
natural ly-. 
The impact of Baghdad city on Tigris river water quality was 
studied by Mutlak et al . [7]. They found that Baghdad city was 
responsible for increasing the water salinity, total hardness and 
turbidity of the river. 
The environmental pollution monitoring of river P a n d u at 
Kanpur was undertaken [8]. The variations in the chemical water 
quality were found to be due to the waste discharged and were 
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also associated with organic and inorganic enrichment. Although 
m o s t of the p a r a m e t e r s s t u d i e d c o n f o r m to the s t a n d a r d s , 
ammonical and organic nitrogen, sulfides and total solids 
exceeded the acceptable limits at four stations. 
The physico-chemical characteristics of Ganga river water in 
U.P. and Bihar in summer and winter was studied by Ajmal et al. 
[9]. They correlated the concentrations of chloride, sulfide and 
total solids with the variations of the volume of sewage and 
industrial waste discharged into the river. The river was found 
to be highly polluted at Kanpur, Allahabad (Sangam) and Varanasi; 
moderately at Fatehpur, Patna and Monghyr; and comparatively less 
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at Narora and Kannauj. The large volumes of untreated tannery 
w a s t e w a t e r d i s c h a r g e d into the G a n g a river at K a n p u r was 
responsible for the increased water turbidity, COD, suspended 
solid and chromium concentrations [10]. The river, which is the 
only source of drinking water supply to the city poses an 
immediate hazard to public health. 
The water quality studied for the rivers Barato, Kyu-
Hassamu, Sosei and Fushiko for a period of five years showed that 
only the Barato river was polluted by municipal wastewater and 
its self-purification efficiency was 50% [11]. The water 
quality of Aona and Kuro rivers, Japan, studied [12] from April 
1980 to March 1983 was found to be slightly polluted having pH 
6.7-7.2, CI 5.5-6.7, BOD 0.9-1.2, COD 1.4-2.0, suspended solids 
4-15, DO 1.5, total nitrogen 0.53-0.97 and total phosphorous 0.02 
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mg/1. The pH, chloride concentration, BOD and c o l i f o r m c o u n t 
increased at downstream locations. The concentration of suspended 
solids and chloride was correlated with the flow rate which was 
influenced by rainfall. 
High coliform count, BOD, sodium and nitrogen content was 
found in the Godavari river, India, which is u n s u i t a b l e for 
drinking [13]. The tap water in this area was also unfit for 
drinking purposes. It was concluded that tube well water in 
comparison to river and tap water was of better quality for 
drinking. 
A comparison of recent with previously collected biochemical 
data of the Wieprz river, Poland, was made [ 1 4 ] . The water 
quality was found to have got deteriorated due to agricultural 
runoff, sewage and industrial wastes. 
A comparative study of the physico-chemical characteristics 
of water from two ponds with the Ganges river at B h a g a l p u r , 
I n d i a , w a s u n d e r t a k e n [ 1 5 ] . It was f o u n d t h a t the w a t e r 
temperature, CO3 and H C O 3 , alkalinity, total hardness, Cl~, Na"^, 
K"^, nitrate-nitrogen and total dissolved solids were higher in 
pond water whereas dissolved o x y g e n , s i l i c a t e , calcium and 
turbidity were higher in river water. 
The physico-chemical characteristics of water and sediments 
of the Kali Nadi in winter and summer seasons was studied by 
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Ajmal et al. [16]. The river was found to be highly polluted from 
Meerut to Bulandshahr in both s e a s o n s and comparatively less 
polluted at other stations as far as o r g a n i c pollution was 
concerned. The quality of the river improved downstream due to 
the decrease in discharge of industrial effluents and also due to 
the merging of a less polluted tributary into it at Kasganj. 
The effect of discharging municipal sewage from the city of 
Patna, India, into the Ganges river was studied by Singh and 
Bhowmick [17]. They observed that pH and DO decreased and free 
COg, H C O 3 , turbidity, total and Ca hardness, CI, Ca, Mg, Na, K, 
and coliform streptococcal and total bacterial counts increased 
significantly. The influence of the sewage discharge greatly 
decreased 300m downstream. The water quality indexes for 18 major 
rivers of India studied ranged from 59.2 for the Tungabhadra at 
Bellary to 80.8 for the Ganga at Garhmukteshwar, whereas an index 
of 100 indicates fitness for its direct human consumption [18]. 
The water can only be used for drinking after proper treatment. 
The water quality of the Yamuna river of the Indogangetic 
plain was surveyed by Bhargava [19]. Stretches of the river were 
identified which required upgrading and a comprehensive strategy 
was presented for improving the water quality of the river. He 
has also studied [20] the water quality of Ganges from Rishikesh 
to Varanasi. Significant changes due to sea&onal e f f e c t s , 
confluence with tributaries and entry of wastewater at urban 
sites and along its course was observed. The variations of the 
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river water quality parameters and its implications have also 
been discussed. The water samples of the K s h i p r a r i v e r , 
India, at different sampling stations and time were found to 
contain DO 0.2-10.5, BOD 10-20.8, COD 6-106, total solids 400-
4800, free COg 2-90, total alkalinity 60-276, chloride 22-170, 
total hardness 108-300, Ca 58-178 and Mg 2.4-200 mg/1 [21]. A 
comparative study of various parameters in the water of river 
Burhi Gandak in north Bihar, India, have been carried out [221. 
The phosphate concentration was found to be 0.14-0.18 and 0.12-
0.16 mg/1 in 1982 and 1983, respectively, whereas silicate, DO, 
temperature and pH were 10-26, 12-30, 4.2-12.4 mg/1, 4-31.2 and 
7.2-8.2, respectively. 
The effect of municipal waste on the pollution level of the 
Ganges river around Patna, India, was investigated by Sharma and 
Ghose [23]. The high MPN count of the drain water was reduced 
7000 times within a distance of 500 m downstream. It was also 
found that the high regenerating capacity of the, Ganges was due 
to high concentration of short lined isotopes of radium in 
comparison with that of its tributaries, the Son and Gandak. 
The pollution load of the Abukuma river, Japan, have been 
studied. Most of the BOD loading was found to be anthropogenic in 
nature and the COD loading was natural [24]. The overall loading 
during the last 10 years showed no change with the exception of 
s e a s o n a l v a r i a t i o n s n e a r f a r m s . The BOD and C O D d e c r e a s e d 
upstream but increased in the downstream waters. 
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The i m p a c t of s e w a g e and i n d u s t r i a l e f f l u e n t s on the 
physico-chemical characteristics and heavy metal content in the 
water, sediments, submerged plants and fish of the Hindon river 
and Kali Nadi have been studied by Ajmal et al. [25]. Kali Nadi 
was found to be highly polluted by organic matter. Hindon river 
was grossly polluted along the urban and industrial belts. The 
water quality of both rivers was found improved where it merged 
with less polluted tributaries. 
The physico-chemical and biological studies on river Ganga, 
India, from Mirzapur to Ballia (a stretch of 255 km) from 1984-86 
was undertaken [26]. The water quality was found to be good at 
the point where it entered the city (U/S) and gets highly 
polluted at midstream as a result of sewage and industrial wastes 
flowing through drains into the river. The downstream water at 
Varanasi was found to be the most polluted, which was due to the 
discharge of sewage mixed with industrial e f f l u e n t s through 
Rajghat nallah. The highest total coliform count was observed at 
midstream at each sampling site and downstream of Varanasi. 
The q u a n t i t a t i v e e s t i m a t i o n of the b a c t e r i o l o g i c a l 
i n d i c a t o r s in G a n g a river to a s s e s s the i m p a c t of h u m a n 
activities on sanitary quality of the river water was studied. It 
was observed that the control sites maintained quite satisfactory 
conditions in summer and winter months as the indicators density 
was within the permissible limits, whereas the experimental sites 
never fulfilled the desired limits, indicating the presence of 
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hazardous conditions at these localities [27]. 
Principal component analysis of relations between physico-
chemical variables in a Mediterranean lagoon studied, showed that 
the mechanism within the lagoon affected the cycle of nutrient 
salt [28]. Si02-Si and NO3-P were affected by input from the 
water shed and PO^-P and 5102-51 depend on trapping by sediments 
and release following an increase in temperature. River Nandira, 
a tributary of Brahmani receives partially treated or untreated 
wastewater•of Captive Power P l a n t , N A L C O , Anugul; Fertilizer 
factory, FCI, Talcher and Talcher Thermal Power Plant [29]. Due 
to these industrial wastes, considerable change in colour, odour, 
pH and chemical characteristics (DO, BOD, COD) of the river water 
was observed. The planktons occurring in the unpolluted sites 
disappeared with a proportionate increase in the pollution load 
of Nandira. 
A comparative study of the quality of potable waters from 
different sources at Bhagalpur, India, located on the south bank 
of the Ganges river which receives sewage and domestic wastewater 
discharges was carried out by Saha and Kumar [30]. The municipal 
surface water was found to be severely contaminated by rusted 
leaking pipelines and the groundwater was also contaminated by 
seepage from septic tanks, drains, and a deep sewage system. The 
contaminants from these sources have deteriorated the quality of 
p o t a b l e water by i n c r e a s i n g the t u r b i d i t y (40 N T U ) , NO3-N 
concentration (42.5 mg/1), total bacterial d. (21.649 x 10^/1) 
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and MPN coliform (12,900/100 ml). 
1.5.2 Heavy metal pollution in rivers 
Metals are conservative elements which can neither be 
d e s t r o y e d nor d e t o x i f i e d by m o d e r n t e c h n o l o g i e s . The 
contamination of water by metal ions is increasingly felt from 
the last 10 to 20 years continuously. They occur naturally in 
aquatic environment. Release (both natural and man-induced) may 
be by air b o r n e , liquid r o u t e s or as s o l i d r e s i d u e s of 
manufacture which find their way into the aquatic system. The 
heavy metals are toxic at high concentration but some are highly 
toxic even at lower concentrations and are readily concentrated 
by a q u a t i c o r g a n i s m s and p l a n t s . T h e y are g e n e r a l l y w a t e r 
soluble, non-degradable, and vigorous oxidising agents. Due to 
these facts, many industrially developed countries have imposed 
regulatories on their (and other t o x i c a n t s ) release into the 
envi ronment. 
The concentration of metals viz., Zn 157.2-7424.2, Mn 230-
257.5, As 6-96, Hg 0.05-0.35, Cd 1 - 2 1 , and Pb 6 9 - 1 1 8 0 . 5 mg/1 
found in the Drau river water samples indicated that Zn and Pb 
values at some points along the river were critical as compared 
with the tolerance limit [31]. Slightly higher concentrations of 
heavy metals [32] in the Tyrrhenian river and Ionian sea were 
attributed to anthropogenic pollution from Silician coast, as 
well as to the metal inflow from Adriatic sea and air pollution 
from eruptions of Mt. Etna Volcano and [33] concluded that these 
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rivers were the main sources of metal pollution in coastal 
waters. The distribution of heavy metals (Fe, Mn, Zn, Cu, Pb, 
Cd, Ni, Ca, K, Mg, Co) in river water and sediments have been 
studied. It was found that the metal distribution in the rivers 
and lakes was controlled mainly by the organic matter [34-39]. 
Most of the heavy metals dissolved in river water combined with 
the soluble organic substances. Tada and Suzuki [40] found that 
the main factor controlling the adsorption of metals in bottom 
mud in urban rivers was organic matter, since the adsorbed metals 
decreased remarkably due to destruction of organic matter from 
the fine bottom mud. They used Freundlich adsorption isotherm for 
the study of adsorption of Cu, Zn, Cd and Pb. 
The effects of Cd^"*", Pb^"^ and Zn^"^ on the mycelial growth of 
three aquatic fungi and their ability to accumulate these heavy 
metals by adsorption to the surface of mycelium in vitro in the 
order of Zn^ "*" > Pb^"^ > Cd^"^ was reported. Bodies of poisoned 
shrimps contained Cd^ "*" ( 122.03 ug/g) showing that the metal can 
be transferred through a food chain involving freshwater fish and 
higher organisms [41]. 
The distribution of Pb, Zn, Cd, Cu, Cr, As, Se, Fe, Mn, V, 
M o , U and Ra in w a t e r of I t a l i a n river w e r e found to be 
relatively low i.e. within the permissible limits [42]. The 
accumulation of heavy metal viz., Cd, Cu, Cr and Pb in the Chao-
Phraya river estuary was significant, which may have a long term 
impact on its aquatic environment [43]. A seasonal and spatial 
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variations of heavy metals in the sediments and fish was also 
observed. 
The fluvial concentrations of trace metals increased in 
water and decreased in sediments in the Periyar river, India, 
d u r i n g s u m m e r due to s o l u b i l i z a t i o n and c o n c e n t r a t i o n by 
evaporation [44]. The levels of 2n and Cu increased ten fold in 
water and sediments in the industrial zone. The river meandering 
was found responsible for the large scale deposition of suspended 
solids in the industrial zone during the m o n s o o n p e r i o d . The 
levels of metals (Cu, Co, In, Pb, Mn, Li, Na, K and Ca) in the 
bottom sediments were found to be much higher than those in the 
water of Nainital Lake [45]. A comparative study of trace 
elements with earlier data over a period of time at various sites 
on Ganga river was carried out [46]. 
The metals Pb, Zn, Cd, Co, Cu, C r , Ni , Fe and Mn were 
determined by atomic absorption spectrophotometry in water and 
sediments of the lower reaches of Weser river, Germany [47]. It 
was observed that these metals were concentrated in the river 
water from industrial effluents and emitted before being absorbed 
by the sediments. The heavy metal content in water and sediments 
of the Innersts Soese and Siber rivers, Germany, were determined 
and discussed in relation to wastewater discharge to the rivers 
[48]. The relative standard deviation was found to be 7-5056 for 
most of the elements with higher values for Cr and As (130%) and 
P b , B r , Ni , Hg and Cd ( 6 0 - 8 0 % ) in Elbe r i v e r [ 4 9 ] . The 
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concentrations of heavy metals in the waters of Tiber river 
showed that the river caused significant pollution in the near 
shore as well as some in the offshore areas [50], 
Ajmal et al . [51] found that the coal-fired thermal power 
plant was responsible for the elevation of metallic contents in 
the water and sediments of upper Ganga c a n a l . They have also 
studied the heavy metal pollution in water, sediments, plants 
(Eicchornia crassipes) and fish (Heteropnuestes f o s s i l i s ) of 
Ganges river [52,53], Yamuna river [54,55], Hindon river [56] and 
Kali Nadi [57]. They found that the variations of heavy metals in 
the river may be due to the variations in the industrial and 
sewage wastes being added to the river at different places. The 
w a t e r q u a l i t y i m p r o v e d w h e r e it m e r g e d w i t h less p o l l u t e d 
tri butaries. 
The monitoring of the Yamuna river water and the four major 
drains merging into the river to identify the sources of water 
pollution was carried out [58]. The dissolved material load of 
the river increased by 40% due to input from Delhi region through 
these drains. The metal concentration in the drains were found 
higher than those in the river. The heavy metal concentration at 
the entry point of the river were not in the detectable limits 
whereas at the exit point Cr, Fe, Mn, Ni and Pb concentration 
exceeded the WHO limits. 
Yoneda et al. [59] studied the c o n t r i b u t i o n of d o m e s t i c 
32 
wastewater to heavy metal pollution and total organic carbon in 
sediments of the river in Nara C i t y , J a p a n . The heavy metal 
concentration exhibited a log normal distribution at pollution 
free points. The heavy metal (Cd, Pb, C r ( V I ) , C r , A s , Ni) 
contents in acidic rivers in the Nagano prefecture were found 
below the water quality standards with the highest concentration 
of Fe 7.9 mg/1 [60]. 
T h e r i v e r s s u r r o u n d i n g San J o s e , C o s t a R i c a , w e r e 
intermittently contaminated by Cr, Cu and Pb. It was observed 
that at pH > 7.2 metal complexes were formed resulting in 
accumulation of these metals in the river water which was found 
unsuitable for irrigation [61]. The discharge of these metal 
pollutants if continued can also contaminate the adjacent water 
bodies. 
Ag, B, Cr, Cu, Fe, Mn, Pb, Ti, V and 2n concentrations of 
waters and sediments of the Sirava reservoir and the Cirocha and 
Laborea river, Czechos1avakia, were comparatively studied by 
Pliesovska [62]. The concentration of Fe exceeded the limiting 
v a l u e s . The s e d i m e n t s of the r e s e r v o i r had h i g h e r m e t a l 
concentrations than those of the river, but could still be 
considered unpolluted. 
The accumulation of Ti , Zn, C o , Fe, Ni and V was found 
substantial as compared to the background level in sediments of 
the Kelane river, Sri Lanka [63]. The presence of Cr, Mn and Fe 
in dissolved as well as in suspended form in the river water was 
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due to the discharge of wastewater from a leather industry into 
it [64], It was also observed that most of the Fe was present in 
the suspended substances which also contained Cr^"*" and Mn^"*" 
compounds and radicals. 
The w a t e r and s e d i m e n t s a m p l e s t a k e n f r o m d i f f e r e n t 
locations in Spain were studied for their heavy metal pollution. 
The water and sediment samples from 19 locations in and near 
Donana National Park showed no significant heavy metal pollution, 
except for elevated Cd, Cu and Zn concentrations in the water and 
Pb concentration in the sediments of the Guadimar river, which 
drains a mining area at its water head [65]. The concentration of 
Hg, Pb, Cd, Cr and Cu in sediments collected from the mouth of 
the Besos and Leobregat rivers was found to be influenced by 
Barcelona Harbour and discharges from the Zona Franca Collector 
[66]. The heavy metal pollution of the Guadimar river and the 
Guadalquivir estuary was found to increase due to drastic changes 
in the river flow and the dissolution, adsorption and complexing 
ability of wastewater discharged from olive oil manufacturing 
plants [67]. The discharge of flotation agents from processing of 
polymetallic sulphide ores contributed to acidification of the 
river water alongwith the dissolution of s e d i m e n t a s s o c i a t e d 
heavy metals. 
The concentrations of Cd, Co, Cu, Cr, Pb, Mn and Zn in water 
of the Aswan High Dam reservoir, Egypt, showed s i g n i f i c a n t 
seasonal, spatial and vertical variations [68]. It was found that 
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the sediments and suspended matter play a significant role in the 
overall distribution of trace elements in the reservoir. Nile 
r i v e r w a t e r c o n t a i n e d trace e l e m e n t s far b e l o w the levels 
s u g g e s t e d for p o t a b l e w a t e r but h i g h e r c o n c e n t r a t i o n s in 
sediments indicated the existence of local pollution. 
The heavy metal pollution of the D a n u b e r i v e r , A u s t r i a , 
decreased during 1976-84 [69]. There was no pronounced increase 
in Zn concentrations in sediments or fish and there was no 
increase in heavy metal concentrations in water downstream of 
Vienna's communal wastewater discharge. The concentrations of As, 
Cd, Cr, Cu, Hg, Ni , Pb and Zn were found to be 10-32, 0.3-3.2, 
9 0 - 2 0 5 , 4 0 - 1 3 5 . 0 . 4 - 3 . 3 , 4 2 - 1 1 5 , 2 0 - 1 4 0 and 9 5 - 8 2 9 m g / 1 , 
respectively in the sediments collected from e i g h t different 
sampling stations from the Danube river [70]. 
The concentrations of Cd, Pb, Cu and Cr were determined [71] 
in water and sediments from Parma river, I t a l y . The metal 
concentrations in the sediment was found in good agreement with 
the characteristics of drainage area. 
The concentration of trace elements (Ca, As, Sb, Sr, A1, Mg, 
V, Ba, Zn and Rb) in the Tama river, Japan, have been found to be 
almost the same throughout the entire drainage system whereas Br, 
Ni , Mn, Fe. Co, CI, K and Na concentrations were found to 
increase from upper to lower reaches of the river in a study 
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conducted by Suzuki and Hirai [72]. The distribution of Chloride 
and Bromide concentrations and the CI/Br ratio appeared to be 
associated with the proximity of human activity. 
The pollutional load on the Ganga river at nine different 
sampling stations in Varanasi region covering a distance of 12 km 
indicated the presence of heavy metals such as Cu, Pb, Cd, Cr, 
Ni, Mn, 2n and Co mainly at the confluence with the sewers [73]. 
D i s s o l v e d and p a r t i c u l a t e Z n , C d , P b , Cu and Hg 
concentrations were determined [74] in streams receiving waste 
discharges within the New Hope and Haw river sub-basins in 
Central North Carolina. Significant percentages of the total mean 
(Zn 50-72, Cu 33-54, Hg 50-59, and Pb >40.0%) were transported in 
the particulate fractions whereas < 20% Cd was observed in the 
fraction. More Zn, Pb, Cu and Hg was measured during high flow 
events and via suspended sediments. Total mean concentrations 
d e c r e a s e d in the o r d e r Zn > Cu > Pb > Cd > Hg w i t h the 
industrialized Haw river sub-basin transporting more metals than 
the New Hope sub-basin. The metal concentrations determined were 
fairly typical for streams receiving municipal and industrial 
wastewaters. 
The relationship of heavy metal concentrations with organic 
matter and fine fractions in sediments collected from five 
stations within Ria Formosa, Portugal, during 1983, 1985 and 1986 
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have been studied by Benoliel et a1 . [75]. Samples analysed for 
trace metals, grain-size and organic matter gave a significant 
l i n e a r r e g r e s s i o n . The s t u d y s h o w e d the i n f l u e n c e of 
anthropogenic sources at station 1 where higher values of Cr, Cu, 
Pb, Hg and Zn were observed. 
Pollutional studies of heavy metals were conducted [76] in 
1980 in Yamuna and Ganga river in Uttar P r a d e s h , India. The 
concentration of most of the element was found to be quite low in 
both the rivers. In most of the s a m p l e s , A g , Mo and Cd were 
undetectable and in a few cases a n a m a l o u s values were also 
obtained. The monitoring of river Ganga (a stretch of 480 km) 
from Badrinath to Narora for seven metals viz., Mn, Co, Fe, Ni, 
Cu, Cd and Zn in water and sediments was carried out [77]. All 
the metals were found below the toxic limit. As the river was 
relatively free from human activities in this stretch, the 
presence of these metals may be attributed to the geochemical 
sources. 
A study on the distribution of heavy m e t a l s in w a t e r , 
suspended matter and sediments in the Langat river, Malaysia, 
between September 1984 and February 1985 was conducted by Sarmani 
[78]. The concentrations of As, Cd, Ce, Co, Sc, Sb and Zn were 
g e n e r a l l y h i g h e s t in the s u s p e n d e d m a t e r i a l s w h e r e a s the 
concentrations of Cr, Rb and Th were always highest in sediments. 
Onl y As concentration was slightly higher than the natural 
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concentration level which may be due to the use of a r s e n i c a l 
herbicides in plantations along the river. 
The behaviour of cadmium, lead and c o p p e r in the m a r i n e 
deltaic area of Po river was studied [79]. The total amount of 
heavy metals in solid phase of the water samples was found to 
decrease according to the dispersion and sedimentation processes 
of the fluvial load in the marine water. A correlation between Cu 
and Pb and total suspended matter was also shown. 
The river Ganges at Uluberia, 180 km upstream from the mouth 
of Bay of Bengal, India, transported As and Cd 0.00005, Cr 0.015, 
Cu 0.007, Fe 4.1, Pb 0.014, Mn 0.056, Ni 0.005 and 0.14 million 
tons/year [801. The presence of t h e s e m e t a l s w e r e due to the 
weathering of rocks and m i n e r a l s , soil e r o s i o n , industrial 
activities and influxes from various tributaries. Most of the 
metals were found highest during peak flow followed by moderate 
and low flow. It was concluded that the trace metal composition 
of Ganges river was comparable to that of Rhine and less than 
those of Amazon and the Mississippi. 
The leaching of As in water from fly ash under controled 
conditions was studied to evaluate the impact of fly ash disposal 
in two coal-fired thermal power plants on the As water pollution 
of the Yamuna river, India [81]. The level of As in pulverized 
coal, power station effluents and fly ash was detected. After 5 
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days of leaching, 40g of fly ash in 1000 ml of double distilled 
water, 6.8 ug of As was extracted, which represents 19.75K of the 
total As, 
Cu and Cd a c c u m u l a t i o n in B a c o p a m o n i e r i s h o w e d t h a t 
accumulation of both metals was stimulated by the presence of 
each other. The plants showed high concentration factors for both 
metals and the results suggested the possibility of using this 
plant for the control of Cu and Cd p o l l u t i o n in the aquatic 
environment [82]. 
The concentrations of Cd, Cr, Cu, Pb, Hg, Ag, Zn and As were 
measured in surface sediments at permanent stati,ons located in 
the Calcasieu river/lake complex in Louisiana to detect the 
sources, source-strength and mode of transport [83]. The point-
source inputs of heavy metals were found to be industrial and 
sewage outfalls where increased metal concentrations above the 
background levels were observed. The metals discharged into the 
bayous were not being transported to the remainder of the 
river/lake complex. 
An inexpensive, simple and rapid preconcentration method 
w h i c h can be a p p l i e d d i r e c t l y in the f i e l d b a s e d on 
coprecipitation with magnesium hydroxide which has been applied 
for Al, Fe, Mn, 2n, Cu, Ni , V, Cr, Co, Cd, Be, Y, Sc and Yb in 
freshwaters has been studied by Andersson and Ingri [84]. The 
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described method enhanced detection limits for a number of 
elements with one (Fe, Mn, Zn, Cu, Ni, V, Cr, Co, Cd, Be) or two 
orders (Al , Y , Sc, Yb) of magnitude for ICP-AES m u l t i e l e m e n t 
determination. The recovery of metals was accurate in natural 
waters. The possibility of direct precipitation of the sample in 
the field reduces the risk of c o n t a m i n a t i o n and p r o v i d e s a 
preserved sample. 
In aqueous environments, the fate of metal ions is regulated 
via adsorption/desorption reactions occurring at the interface 
between the aqueous solution and minerals such as Fe and/or Al 
oxides and hydroxides. The final dissolved metal speciation is 
d e p e n d e n t on pH as well as d i s s o l v e d t r i p o 1 y p h o s p h a t e 
concentration [85]. At alkaline pH, metals that bind weakly with 
surface sites are easily desorbed w h i l e at acidic p H s , metal 
partitioning depends on the equilibrium as well as the degree of 
Fe oxide dissolution. 
1.5.3 Organic pollutants in rivers 
The use of fertilizers, organochlorine and organometal1ic 
pesticides have been restricted and are very low compared to the 
world's leading agricultural countries due to socioeconomic and 
religious considerations in India. The backwardness and lack of 
education also plays a major role in the restricted use of 
chemicals and fertilizers. In a typical study conducted by 
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Geography Department of Aligarh Muslim University for land use, 
fertilizers and pesticides, revealed that in a selected area of 
Ganges plain a cultivated area of 126644.6 hect. land consumed 
1885.81 quintals of fertilizers (NPK), 295.5 Kg organochlorine 
p e s t i c i d e s ( a l d r i n , 0.8 k g , BHC 1 2 9 . 2 5 k g , DDT 123.4 k g , 
E n d o s u l f a n 1.9 k g , G a m m a x i n e 40.1 k g , e t c . ) , 3.3 kg 
organophosphorus (Diathane 0.2 kg, malathion 1.9 kg, Roger 30E 
1.30 kg) and zinc phosphate 6.01 kg [86]. 
The geography of Ganges plain is such that majority of the 
farmers are dependent on the rainfalls, rivers, canals and water 
storage dams for irrigation purposes. The pesticides used in the 
agricultural fields eventually reach the river sediments through 
river water with the rainy water runoff. These chemicals may be 
found in river water and soil segments either in the pure form or 
d e c o m p o s e d into f r a g m e n t s by c h e m i c a l , b i o l o g i c a l or 
photochemical degradation. They are also acted upon by process 
such as adsorption, exudation, retention and a c c u m u l a t i o n by 
organisms, adsorption by soil colloids and other surfaces, and 
movement in the vapour, liquid and solid state through the 
atmosphere, soil and water [87-90]. 
Chlorinated pesticides, polychlorinated biphenyls (PCB's), 
polyaromatic hydrocarbons (PAH's), phenols, halogenated phenols 
and phthalate esters are frequently isolated from environmental 
samples in complex multi-component mixtures. The major portion of 
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p e s t i c i d e r e s i d u e s in the r i v e r w a t e r c o m e t h r o u g h the 
agricultural runoff. In the United States from 1967-69 during 
nation's water survey programme, small amounts of all chlorinated 
hydrocarbon insectides were detected in many of the samples [91, 
9 2 ] . The c o n c e n t r a t i o n d u r i n g t h i s s u r v e y r a n g e d f r o m 
insignificant to 17 ug/1. 
DDT was shown to biomagnify in aquatic organisms to levels 
as high as 1600 mg/1 [93] and to have detrimental effects on the 
hatchability of eggs from certain bird species [94, 95]. 
Researches to evaluate organochlorine pollution, in one of 
the Spain's national parks where from Guadiamar river run across 
agricultural region, have been conducted for the distribution and 
transport processes studies of organochlorine compounds (HCHs, 
DDT and PCBs) in the water of the Donana National Park [96]. It 
w a s f o u n d t h a t o r g a n o c h 1 o r i n e c o m p o u n d s w e r e u n i f o r m l y 
distributed in the park. The levels of DDTs and PCBs were higher 
than the maximum levels recommended in waters. The DDT and PCB 
residues were detected in all samples. Aldrin and heptachlor were 
detected in many samples, however, dieldrin concentration was 
found below detection levels. 
Measuring pesticides in water alone does not determine the 
safety of fish population in a given h a b i t a t . Both water and 
sediment samples should be analyzed [97]. Kent and Johnson [98] 
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found none of the organochlorine pesticides in the water probably 
because of their low solubilities : 3.4 ug DDT/1 [99], 12.5 ug 
dieldrin/1 [100], and 100-1000 ug PCBs/1 [101] but DDE and TDE 
were found in all fish and sediment samples. Dieldrin was found 
in two fish species and PCBs were detected only in one of the 
species. However, quantity and type of organochlorine pesticides 
varied considerably among the fish s p e c i e s . The detection of 
chlorinated hydrocarbons in all the sediment samples is probably 
due to hydrophobic and adsorptive properties of these compounds 
[102], their concentration in natural water are increased when 
associated to seston according to Hamelink et al. [103], Haque et 
al. [104] and Dexter and Povlon [105]. 
The effects of rainfall in the catchment area of Skunk river 
near Ames have been studied by Richard et al. [106]. The first 
r a i n f a l l of the s e a s o n a f t e r c o r n p l a n t a t i o n r e s u l t e d in 
significant runoff and erosion. The high p e s t i c i d e levels in 
river during the week immediately following heavy rainfall were 
reported (atrazine 12,000, DDE 1820 and dieldrin 33 n g / 1 ) . 
Residues decreased with the time (Atrazine < 100, DDE 3 and 
dieldrin 2 ng/1) establishing similar pattern in the previous 
studies [107-109]. In the same study Richard et al. [106] have 
reported contamination of finished water in those cities using 
well as their source of raw water e s t a b l i s h i n g c o n t a m i n a t e d 
rivers had positive effects on the shallow wells water quality. 
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The pesticide concentrations in finished waters of Iowa cities 
which use well systems as raw water source ranged : atrazine 0.0-
483, DDE 0.0-28.0 and dieldrin 0-<0.5 ng/1. The average values of 
the three biocides in raw water from the Roccoon river were 814, 
59 and 2 ng/1. 
Organochlorine pesticide residues were detected in the river 
Nile, Egypt [110]. C?C-BHC, lindane, aldrin, dieldrin, endrin and 
p.p'DDT were detected in purified and non-purified water. The 
mean values of O C - B H C , lindane and aldrin were c o m p a r a t i v e l y 
higher in purified water than in non-purified water. The increase 
in a m o u n t s of p e s t i c i d e s a f t e r p u r i f i c a t i o n has a l s o been 
reported in one of the U.S. Environmental Protection Agency [111] 
reports. The average levels of purified and non-purified Nile 
water were below the maximum permissible level. No residues of 
c h l o r d a n e w e r e d e t e c t e d in w a t e r s a m p l e s b e f o r e and a f t e r 
purification. 
Monitoring of Kansas surface water ( 1 9 7 3 - 8 4 ) revealed 
dramatic increase in the number of pesticides in stream samples 
which have been atrazine (175^), alachlor (55iS), 2,4-D (4X) and 
dual (45^) since 1977. The same d i s t r i b u t i o n pattern was also 
found at the sampling sites of the lake. Eastern Kansas streams 
and lakes show the most consistent pattern of pesticides probably 
related to use and runoff conditions. Pesticides have also been 
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found in treated drinking water that originated from the lake 
water [112]. The treatment reduced the concentration about one 
third from those found in the raw lake water. 
Organochlorine pesticide have been found in Parana river of 
Argentina [113]. Lindane and cK-BHC were the most u b i q u i t o u s 
species with mean concentrations of 9 and 9 ng/1, respectively. 
O t h e r c o m p o u n d s like h e p t a c h l o r and a l d r i n h a v e been 
o c c a s s i o n a l 1 y d e t e r m i n e d in the a n a l y z e d s a m p l e s . T h e 
concentration of pesticides in waters of Broa reservoir and in 
four of its tributaries were monitored by Caceres et al. [114]. 
The maximum concentration of D D T , o<-BHC', '^-BHC, |3-BHC, 
heptachlor, aldrin, dieldrin, endrin and chlordane were found to 
be 0.136, 0.53, 0.02, 0.017, 0.68, 0.048, 0.01, 0.16 and 0.077 
ug/1, respectively. 
High levels of chlorinated hydrocarbons were found in water 
of Dujab river, Iraq [115] where a large sewage treatment plant 
is located. The highest level of l i n d a n e , a l d r i n , d i e l d r i n , 
h e p t a c h l o r , h e p t a c h l o r e p o x i d e , c h l o r d a n e , i s o m e r s and 
metabolites of DDT were detected in the month of A p r i l . The 
occurrence of chlordane and DDT in water was most frequent. 
The persistent and non-persistent pesticides were monitored 
[116] in Grand and Sangeen rivers of O n t a r i o , C a n a d a , which 
appeared in upstream waters, however, the former appeared only at 
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the mouth of the basin. Persistent pesticides found in the system 
included those that had been discontinued (dieldrin and DDT and 
its metabolites) and those in use throughout the study period 
(chlordane and heptachlor e p o x i d e ) . All the p e s t i c i d e s were 
identified in water and sediments throughout the year. Persistent 
pesticides in the surface streams of Vojvodina, the Danube, Tisa, 
Begej, Tanus and Sava rivers of Yugoslavia were reported for the 
period of 1980-88 [117]. Organochlorine residues were detected in 
rivers, canals and dams of five major river basins of Granada 
during winter and summer seasons [118]. 
S a m p l e s f r o m s u r f a c e w a t e r s of N e t h e r l a n d s h a v e been 
screened for the chlorinated pesticides in tributaries of Rhine 
river, western Scheldt and in some harbour basins of Rotterdam 
also [119, 120]. 
A very scanty data is available in the literature about the 
distribution of the chlorinated hydrocarbons and organics in the 
s u r f a c e w a t e r s in I n d i a . T h a k k a r and K o n d a w a r [ 1 2 1 ] h a v e 
discussed the intrusion of organic pesticides in. the ground and 
surface water from direct applications for control of aquatic 
i n s e c t s , p e r c o l a t i o n and r u n o f f f r o m a g r i c u l t u r a l l a n d s , 
d i s c h a r g e s f r o m c l e a n u p of e q u i p m e n t s used for p e s t i c i d e 
applications. The survey of various urban water supplies has been 
carried out for organochlorine pesticides. Results have concluded 
that lindane, aldrin, dieldrin, heptachlor, heptachlor epoxide 
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and DDT are present usually in the sub ppm levels. Mahala water 
reservoir of Rajasthan, India, was monitored by Bakre et al,[122] 
for organochlorine residues from four sites during 1985-87. A 
high variation in the concentration of p.p'DDE, p,p'DDD, p,p'DDT 
and o<, p, i - i somers of HCH, aldrin, dieldrin and heptachlor was 
attributed to subsoil water movement from catchment area during 
different seasons. Agarwal et al. [123] have found 0.04-3.42 ug/1 
of DDT residues in the water column of river Yamuna upstream. 
However, the concentration increased sharply at downstream due to 
the discharge of a variety of e f f l u e n t s from city and nearby 
industries. Studies on the d i s t r i b u t i o n of o r g a n o c h l o r i n e 
pesticides in the Hooghly estuary (Ganges in Bengal) yielded no 
organochlorine pesticides in the water samples in the detectable 
range, however, particulate matter and sediments have been found 
to contain ppb levels of BHC and DDT residues [124]. 
HCH was found to be more pronounced than DDT in water 
samples of Vellar river and Pichavaram mangroves, S. India, from 
December 1987 to January 1989 which may be a t t r i b u t e d to the 
a p p l i c a t i o n of t e c h n i c a l HCH l a r g e l y and p r o b a b l y small 
quantities of DDT during the flowering season of rice [125]. 
A large number of rural population and few big cities 
including capital city of India, Delhi, where water is drawn from 
r i v e r for d r i n k i n g p u r p o s e s h a v e n o t been s y s t e m a t i c a l l y 
monitored for organic pollutants. 
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New analytical techniques continue to improve our knowledge 
of drinking water contaminants. Toxicological investigations have 
r e v e a l e d the e f f e c t s of t h e s e c o n t a m i n a n t s on man and 
technological advances have made the production of safe and 
potable water a reality. The potable water is defined as water 
that "may be consumed in any desired amount without concern for 
adverse effects on health" [126]. In the recent years the 
application of sophisticated analytical measurement techniques 
had detected a broad range of o r g a n i c c o n t a m i n a n t s in water 
supply systems. The public health effect of organic contaminants 
will vary depending upon the frequency of consumed water. If the 
contaminated water is consumed for a long period of time this 
would pose a health hazard. 
There has been a global concern about the o c c u r r e n c e of 
organic contaminants in drinking water. A comprehensive data is 
lacking on the health effects of most organic contaminants. The 
available data is so vague that it is difficult to draw a clear 
conclusion. Many organic contaminants which are not present in 
water appear during disinfection p r o c e s s . The reaction of 
disinfectant with organic compounds in water causes the formation 
of by-products [127-129]. The discovery in 1974 that those parts 
of New Orleans served with Mississippi derived water had higher 
cancer rates than those served with ground water and that 
chlorination by-product chloroform, a suspected carcinogen, and 
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Other trihalomethanes were present in river derived s u p p l i e s 
provoked considerable research in USA. Numerous epidemiological 
studies have been undertaken [130] and cancer m o r t a l i t i e s 
associated with the consumption of river derived water could not 
be ruled out. The dissolved organic s u b s t a n c e s in water are 
mainly characterized as humic substances, hydrocarbons, proteins, 
lipids, urea, alkyl benzene, sulfonate, fatty acids, sterols, 
polycyclic aromatic hydrocarbons, benzene hexachloride, phenols 
and phthalic acid esters [131]. 
The major sources of widespread phenol, chlorophenols and 
b r o m o p h e n o l s in the s u r f a c e w a t e r h a v e p r o b a b l y been the 
industrial effluents, agricultural runoff, chlorination of waste 
water prior to discharge in the water ways and transformation 
products from natural and synthetic c h e m i c a l s . W i l l i a m and 
Sithole [132] have reported phenols in surface water, municipal 
and industrial discharges. Contamination of ground water has been 
reported by Baker et al . [133] due to derailment of goods train 
c a r r y i n g p h e n o l . S e v e r a l a u t h o r s [ 1 3 4 - 1 3 7 ] h a v e r e p o r t e d 
chlorophenols in surface water. Impacts on the purity of ground 
and city drinking water by phenols have been studied by Fingler 
and Devenker [138]. Health risks resulting from phenols in the 
water have not been fully established, however, they are known to 
cause odour problems in drinking water even at very low levels. 
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Phthalate esters which are used mainly as plasticizers are 
cosmopolitan in distribution. The cheap availability of plastic 
material has brought tremendous growth in production. Now-a-days 
t h e s e e s t e r s are b e i n g u s e d in c o s m e t i c s , i n k s , i n s e c t -
repel lants, pesticides and defoaming formulas. The degradation of 
various phthalate esters in river, lake and seawater has been 
reported by Saegar and Tucker [139] and Walker et al. [140]. It 
has been concluded in these studies that d i m e t h y l , d i e t h y l , 
dibutyl and benzyl butyl phthalate degrade earlier compared to 
diethyl hexyl and dioctyl phthalates in the oxygen containing 
water. Ziougu et al . [141] have reported the degradation of six 
phthalate esters listed in EPA's priority pollutants list in the 
anaerobic condition and found similar trend. The degradation of 
phthalate esters by bacteria has been reported by several workers 
[142-144]. Though the toxicity of different phthalates has not 
been well documented, however, phthalates are known to be less 
toxic. 
P o l y a r o m a t i c h y d r o c a r b o n s w h i c h are k n o w n for t h e i r 
toxicities are the products of mineral oil. Many polyaromatic and 
their chloro- derivatives are listed in the top priority list of 
water pollutants. A list of suspected and known carcinogen (Table 
1.3) contains many PAH [145] derivatives. 
Naphthalene (2.2 mg/1), fluorene (1.5 mg/1) and phenanthrene 
or anthracene (1.7 mg/1) were detected in tap water of Japan 
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TABLE 1.3 : SUSPECTED AND KNOWN CARCINOGEN AND PROMOTORS 
IDENTIFIED IN DRINKING WATER. 
(M = Mutagen, C = Carcinogen, P = Promoter) 
Acenaphthalene — M n-Dodecane — P 
Benzene - C Eicosane - P 
1-Bromobutane - M Fluorenthene - M 
Bromoch1oromethane - M Hexachloroethane - C 
Bromodichloromethane - M 9-methyl fluorene - M 
Bromoform - M Octadecane - P 
Carbon tetrachloride - C Phenanthrene - M 
Dibromochloromethane - M Phenol - P 
Chloroform - C Tetrachloroethylene - C 
n-Decane - P 1,1,2,2-tetrachloroethane - C 
Decanoic acid - P Tetradecane - P 
Decanol - P Tri chloroethylene - C/M 
1 ,2-Dichloroethane - M 1,1,1-trichloroethane - M 
1,2-Dichloroethylene - M 2,4,6-trich1orophenol - 0 
Dibromomethane - M 2,4,5-trichlorophenol - M 
1,4-Dioxane - C Undecane - P 
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using the Amberlite XAD-2 resin adsorption method, computerized 
GC-MS, high resolution MS and mass fragmentography [146] after 
isolating in the isooctane-benzene fraction. The monitoring of 
trace organic contaminants by collecting rain/snow samples from 
the G r e a t l a k e s b a s i n i n d i c a t e d t h a t p h e n a n t h r e n e , 
m e t h y 1 n a p h t h a ! e n e , f l u o r a n t h e n e and p y r e n e w e r e the m o s t 
prevalent among the PAHs with mean concentrations of 50-200 ng/1 
[1471. 
Polyaromatic hydrocarbons were detected in s e d i m e n t s of 
Congaree and Calcasieu rivers [148] and Brisbane river [149], 
Both groups concluded that the presence of PAH was indicative of 
« I 
p o l l u t i o n f r o m oil r e f i n i n g p r o c e s s e s . The m a i n s o u r c e of 
pollution of the Bavarian rivers by PAH was found to be airborne 
d u s t [150] and [ 1 5 1 ] r e p o r t e d m a s s i v e oil s p i l l s of w o o d 
preservatives to be the main source of PAH. The contamination of 
sediments by PAH [152] may occur via agricultural products as a 
consequence of irrigation or the application to land of sediments 
from dredging or flooding by rivers. 
The concentrations of PAH in the sediments of Boston Harbor, 
Massachusetts, were found to be in a range comparable to other 
u r b a n e s t u a r i e s [ 1 5 3 ] . F l u o r a n t h e n e , p y r e n e , c h r y s e n e , 
benzanthracene and benzo(a)pyrene accounted for much of the total 
observed PAHs in the sediments. 
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Organic contaminants from two Bermudan harbours studied, 
showed that petroleum hydrocarbons in sediments and organisms 
were related to point and nonpoint source inputs [154]. Water 
samples confirmed that the harbours receive inputs of low boiling 
fuel products. However, the process of e v a p o r a t i o n , tidal 
flushing and photodegradation in the aquatic environment were 
rapid enough to prevent significant a c c u m u l a t i o n of light 
hydrocarbons in the sediments. 
The concentrations of polycyclic aromatic hydrocarbons (PAH) 
fluoranthene, anthracene, phenanthrene, pyrene, benzo(k) fluor-
anthene and benzoCa) pyrene measured in waters from three rivers 
which traverse the largest cities in s o u t h - e a s t e r n A u s t r a l i a 
ranged from < 0.3 to 525 ng/1 with the smaller compounds most 
abundant and concentration decreasing with increasing ring number 
[155]. Results showed that aquatic organisms were exposed to high 
extractable concentrations of the PAH of low ring number. 
In 1985, the late Prime Minister of India, Mr. Rajiv Gandhi 
[156] said that forty percent of the pollution in Ganges river 
was due to sewage discharge into it and 13 p e r c e n t owing to 
chemical wastes released from factories. The majority of the 29 
big cities situated upon the bank of river Ganges discharge their 
w a s t e p a r t i a l l y t r e a t e d or w i t h o u t any kind of t r e a t m e n t . 
However, the Government is trying to overcome the problem through 
sewage treatment plants. Majority of the organic p o l l u t a n t s 
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dissolved in the water finally find their way in the sediment via 
coagulation or sedimentation. That is why in order to assess the 
real magnitude of pollution, analysis of sediments alongwith 
water is necessary. In the majority of research papers published 
the trends show that the questioned compounds are always higher 
in sediment samples as compared to the water s a m p l e s . The 
concentration of chlordane in water and sediment samples from 
streams in Saga city, Japan, was from non-detectable to 20 ug/1 
(median 3 ug/1) and 0.5-400 ng/g (median 20 ng/g), respectively 
[157], The occurrence of transchlordane, cis-chlordane, trans 
nonachlor and oxychlordane in water and sediment in Shizuoka-Ken, 
Japan, were detected [158]. The chlordanes were not detected in 
rivers, lakes and harbours, but the sediments contained < 0.012 
ug/g sediment. 
DDT is known for the eggshell thining. A DDT manufacturing 
company discharged DDT laden effluent from 1947-70 into a creek 
on Wheeler National Wildlife refuge, Alabama [159]. In 1979, 7-9 
years after the plant's closure, high DDT, DDE and DDD levels 
were reported in soil, river sediments and fish in the area, 
Thomas et al.[160] have analysed DDT metabolites in the sediments 
of upper Rhone river. The sources appeared to be industrial and 
urban runoff. Samples of the surface microlayer, subsurface water 
and sediments were collected at several locations from the 
Detroit river [161] in June 1983 and analysed for 41 chlorinated 
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hydrocarbons. Although there were many cases in which a compound 
was detected in unfiltered subsurface water but not in the 
unfiltered surface microlayer, the reverse was also found to be 
true. 
Sediments from the Elbe river has been reported [162] to 
s h o w a d i s t r i b u t i o n p a t t e r n of c h l o r i n a t e d h y d r o c a r b o n s 
characteri zed by a dominated hexach 1 o r o b e n z e n e peak in the 
chromatogram. The concentration of organochlorines in sediments 
from different parts of the river varied considerably but were 
correlated with the organic carbon contents. Areas with the upper 
sediments layer (1st, 4-5 cm) were found to contain twice as much 
chlorinated hydrocarbons as in the deeper layers. Bed sediments 
of the San Joaquin river, California, and its tributaries were 
sampled and analysed for organochlorine pesticide residues in 
order to determine their areal distribution. Residues of DDT, 
ODD, DDE and dieldrin were widespread in the fine grained bed 
sediments despite little or no use of these pesticides for > 15 
years [163]. The San Joaquin river has among the highest bed 
sediment concentration of DDD, DDE, DDT and dieldrin residues of 
major rivers in the USA. 
Water and bottom sediments collected from upstream of the 
mouth of the Moose, Albany, Attawapiskat, Winisk and seven rivers 
w e r e a n a l y s e d for a w i d e r a n g e of o r g a n i c c o n t a m i n a n t s . 
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SurprisinglytX-BHC.i-BHC, cis-chlordane, transchlordane, p,p'DDE, 
dieldrin and HCB were found in water, however, organochlorine 
pesticides, chlorobenzenes, p e l y a r o m a t i c h y d r o c a r b o n s and 
phthalates were not detected in bottom s e d i m e n t s [164], The 
solubilization of many of the contaminants were thought to have 
been affected by the presence of n a t u r a l l y o c c u r r i n g organic 
acids. 
Organochlorines in different fractions of sediments and in 
different planktonic compartments of the Belgian Continental 
shelf and the Scheldt estuary evaluated in relation to the 
organic content, lipid content and particle size distribution 
indicated the existence of an e q u i l i b r i u m p a r t i t i o n of PCBs 
between water, suspended matter and sediments [165]. 
The concentration of dichloro- to hexach 1 o r o b e n z e n e in 
surficial bottom sediments in Ise B a y , J a p a n d e t e r m i n e d , 
indicated that these congeners were adsorbed by suspended 
particles and transported by water flow [166]. Pentachlorobenzene 
and h e x a c h 1 o r o b e n z e n e had d i f f e r e n t d i s t r i b u t i o n p a t t e r n 
indicating that its source were different. 
1.5.4 Land disposal of wastes 
Of the three locations for the disposal of wastes, surface, 
atmosphere and land, the land represents not only an appropriate 
disposal site for many waste but also an opportunity to manage 
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wastes with a minimum of adverse e n v i r o n m e n t a l e f f e c t s . The 
application of manure, sewage sludge, municipal waste water and 
industrial wastes on land for both disposal and fertilizer value 
has been practised for centuries. The challenge is, however, to 
utilize the chemical, physical and biological properties of the 
soil as an a c c e p t o r for i n d u s t r i a l w a s t e s , w i t h m i n i m u m 
u n d e s i r a b l e e f f e c t s to the c r o p s g r o w n on t h a t s o i l , 
characteristics of the soil and to the quality of groundwater and 
surface runoff. The growth of crops in the disposal area is 
important to increase the rate of adsorption, evaporation and 
transpiration in order to avoid soil erosion. 
The absorption capacity of soils for oil varies but is 
considered less than their water holding capacity. Well-drained 
agricultural soils absorb oil up to o n e - t h i r d of their water 
holding capacity [167]. Adsorption to soil organic matter plays a 
significant role in temporary immobilization of oil [168, 169]. 
Nagaya et al. [170] have discussed the treatment of heavy 
metal containing sludge. When the sludge containing chromium was 
incinerated with NagSigOy at S O C C , the degree of elution of Cu 
and Ni into aqueous NH^OAc solution (pH 4.5) decreased, but that 
of Cr(VI) increased when the sludge was incinerated with clay 
containing 83% SiOg at I Z O C C . 
A study on the pollution control for a modern anodizing 
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facility was discussed. After the removal of chromates, which is 
a t o x i c s u b s t a n c e , the w a s t e is t r e a t e d and the s l u d g e 
concentrated by vacuum rotary filter and disposed off by dumping^ 
on a landfi11 f 171]. 
The effects of anaerobical 1 y digested sewage sludge on 
organic fractions of blount silt loam has been studied [172]. The 
total organic matter content in the soil increased in the top 15 
cm of lysimeters containing blount silt loam from 0.955«-2.29^ and 
was found to be highest in the oil and grease fraction. Total 
organic carbon increased 2-3 fold due to sludge application from 
12.5 mg/1 maximum in control plots to 32.0 mg/1 maximum in the 
treated plots. 
The weathering of aliphatic and aromatic hydrocarbons from 
the Amoco Cadiz oil was monitored from May 1978 to January 1980 
in selected invertebrates and sediments of the polluted area in 
Brittany. The major part of the oil was relatively rapidly 
eliminated but the presence of long chain hydrocarbons was found 
visible even 22 months after the accident. The chemical nature of 
the contamination was due to oil degradation stage as a result of 
bacterial activity in the sediments, which is the major removal 
process of stranded petroleum Cl73]. 
The effect of an experimental minor oil spill on a number of 
plant species and productivity of a tropical grass herb community 
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was assessed [174]. The spillage had a devastating effect on the 
simple ecosystem and at least 50^ of herbaceous species in the 
affected habitats became extinct immediately following the spill. 
The reaction of chrome tannery sludge with soils amended 
with lime, commercial nitrogen f e r t i l i z e r or tannery sludge 
containing 1 . c h r o m i u m was studied. A portion of the tannery 
waste was supplemented with additional Cr^"^ salt before adding to 
the soil. It was found that the tannery sludge increased the pH, 
total chromium and nitrogen, calcium, phosphorus, magnesium and 
sodium concentrations. The electrical conductivity of the soil 
increased with the increasing rate of sludge application [175]. 
A study was carried out [176] on the effect of prolonged 
commercial irrigation with treated sewage effluents from rural 
areas on the accumulation of heavy metals in the top 10-15 cm 
layer of the soil in three commercial f i e l d s . The results 
indicated some increase in the concentration of Cu, Ni, Cd and Pb 
in Rhodes grass grown on sewage irrigated soil than the normal 
irrigated grass. 
The effects of soil characteristics, sludge m a n a g e m e n t 
procedures and environmental conditions on the decomposition of 
sewage sludge in soils was studied [177]. After incorporation 
into soil, the decomposition of sludge was rapid during the first 
28 days, but decomposition rate was slow and relatively constant 
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for the remaining incubation period. 
Davis et al. [178] have discussed the need for sludges of 
controlled metal content for use on agricultural land. Sludges 
for experimental use was produced by the pilot-scale treatment of 
m e t a l - e n r i c h e d s e w a g e . The c h e m i c a l e x t r a c t a b i 1 i t y and 
availability to plants of metals in experimental sludges were 
compared with sludges obtained from sewage treatment works showed 
that the experimental sludges would be suitable for use in 
agricultural ex^)eriments. 
A new analytical approach to quantify the disappearence of 
crude oil constituents during w e a t h e r i n g and b i o d e g r a d a t i o n 
processes was reported [179] and it has been found that any net 
loss of crude oil components c o r r e s p o n d s to a proportional 
increase of Ni and V concentration in the oil residue. 
The sanitary landfills are one of the potential groundwater 
pollution sources, normally producing leachate with very high 
organic matter content. Leachates from five Danish sanitary 
landfills sampled were extracted with dich 1 o r o m e t h a n e and 
analyzed using GC-MS [180]. Chlorinated p e s t i c i d e s , aromatic 
c a r b o x y l i c a c i d s , a 1 ky1 b e n z e n e s , b e n z e n e , t o l u e n e and 
trichloroethylene were identified and some of these compounds 
give rise to severe groundwater pollution. 
More than 50 individual organic components from the leachate 
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of disposed garbage of the Barcelona sanitary landfills have been 
identified, indicating catabolic degradation of lipids, proteins 
and lignins or simply compounds originally present in that refuse 
that have been washed out by percolating waters such as nicotine, 
caffeine, phthalates [181]. 
Soil and marine samples collected from different localities 
in K u w a i t w e r e s c r e e n e d for m i c r o o r g a n i s m s c a p a b l e of oil 
degradation [182]. Bacterial isolates were more active in n-
alkane biodegradation whereas fungi utilized one or more of the 
aromatic hydrocarbons studied. 
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OBJECTIVES OF THE PRESENT WORK 
The survey of literature shows that intensive researches 
have been carried out on the monitoring of rivers all over the 
globe but little or no work has been done so far on Indian rivers 
w i t h s p e c i a l r e f e r e n c e to h e a v y m e t a l and o r g a n i c 
(organochlorines, polycyclic aromatic h y d r o c a r b o n s , p h e n o l s , 
etc.) pollution of this stretch of the river. 
It has also been noted that the problem of oily sludge 
disposal on land- 'landfarming' with simultaneous cultivation of 
millet has not been undertaken in India so far. 
The work described in this thesis consists of the following 
five chapters : 
P h y s i c o - c h e m i c a l c h a r a c t e r i s t i c s and h e a v y m e t a l s in 
sediments and plants of river Ganges (Narora to Kannauj). 
Physico-chemical characteristics and heavy metals in water 
and sediments of three Indian rivers ( Y a m u n a , Hindon and 
Kali). 
Gas-chromatography- Mass s p e c t r o m e t r i c a n a l y s i s of four 
polluted river water for phenolic and organic compounds. 
O r g a n o c h 1 o r i n e p e s t i c i d e s and p o l y c y c l i c a r o m a t i c 
hydrocarbons in the sediments of river Ganges (Narora to 
Kannauj). 
Oily sludge disposal on land- 'landfarming'. 
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Chapter 2 
MATERIALS AND METHODS 
2.1 COLLECTION OF RIVER WATER, SEDIMENT AND PLANT SAMPLES FOR 
PHYSICO-CHEMICAL AND HEAVY METAL ANALYSIS. 
2.1.1 Water Samples 
A composite sample was made by collecting four grab samples 
at half an hour interval from a depth of 30 cm below the water 
surface from midstream at each sampling station in polyethylene 
contai ners. 
2.1.2 Sediment Samples 
The midstream sediments from a depth of 15-20 cm from the 
surface from five places in the vicinity of each sampling station 
collected were mixed to form a c o m p o s i t e s a m p l e . These were 
transported to the laboratory in polyethylene bags. 
2.1.3 Plant (submerged) Samples 
The p l a n t s { V a l l i s n e r i a s p i r a l i s L i n n . , H y d r i l l a 
verticillata (Linn.f.) Royle and Nechamandra alternifolia (Roxb.) 
Thwaites} were collected from five places in the vicinity of each 
sampling station. These were immediately washed several times 
with the river water in order to remove the adhered species of 
invertebrates and large particles of the mud. The plant samples 
were brought to the laboratory in polyethylene bags. 
2.1.4 Preservation of Samples 
For physico-chemical analysis, water samples were freezed 
74 
While for heavy metals, samples were preserved by acidifying with 
6N HNO3 so that the pH was maintained to about 2.0 [1]. 
2.2 COLLECTION AND PRESERVATION OF RIVER WATER AND SEDIMENTS FOR 
ANALYSIS OF ORGANIC COMPOUNDS 
2.2.1 Water Samples 
1.0 liter river water samples were collected in Amber glass 
bottles from the midstream and were preserved by addition of 2.0 
ml conc. H2SO4. The samples were refrigerated at 4°C from the 
time of collection until extraction. All samples were extracted 
w i t h i n 7 d a y s a n d c o m p l e t e l y a n a l y s e d w i t h i n 40 d a y s of 
extraction [2]. 
2.2.2 Sediment Samples 
Vide section 2.1.2. 
2.3 COLLECTION OF OILY SLUDGE SAMPLES AND SAMPLES OF SOIL, PLANT 
LEAVES AND FRUITS FROM THE FARM APPLIED WITH OILY SLUDGE 
2.3.1 Oily Sludge Samples 
Samples of oily sludge were collected from the storage tank 
of Gujarat refinery in a polyethylene container and transported 
to the laboratory. 
2.3.2 Soil Samples 
Soil samples were collected at a depth of 20-25 cm from 
three places randomly from each bed. The twelve samples collected 
in this way from each plot receiving the same oil application 
were mixed to form a composite sample for the plot. In the second 
cycle in addition to the surface samples, core samples upto a 
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depth of 165 cm were also collected and analyzed for oil content. 
These samples were brought to the laboratory in p o l y e t h y l e n e 
bags. 
2.3.3 Plant Leaves and Fruit Samples 
Leaves and fruits of millet (Sorghum v u l g a r e L.) were 
collected after harvesting the crop. These were transported to 
the laboratory in polyethylene bags. 
2.4 PHYSICO-CHEMICAL ANALYSIS OF WATER, SEDIMENT/SOIL AND LEAVES 
2.4.1 Water Samples 
P h y s i c o - c h e m i c a l p a r a m e t e r s for w a t e r s a m p l e s w e r e 
determined according to Standard Methods for Examination of water 
and waste water [11. pH, alkalinity, t e m p e r a t u r e and DO were 
measured on the site by portable kits (Century-CK 704), whereas 
total solids, suspended solids, dissolved s o l i d s , B O D , C O D , 
chloride, sulphate, total phosphate, hardness (total), turbidity, 
electrical conductivity, ammonia-nitrogen, nitrate-nitrogen, were 
determined in the laboratory. 
2.4.2 Sediment/Soil Samples 
The p h y s i c o - c h e m i c a l p a r a m e t e r s d e t e r m i n e d w e r e p H , 
e l e c t r i c a l c o n d u c t i v i t y [ 3 ] , o r g a n i c m a t t e r [ 4 ] , c a l c i u m 
carbonate [5], cation-exchange capacity [6], and water holding 
capacity [7]. The other parameters ( a l k a l i n i t y , h a r d n e s s , 
chloride, sulphate, calcium, magnesium, sodium and potassium) 
based on 1:5 soil water extract were analysed according to [1]. 
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2.4.3 Leaf Samples 
Leaves of millet crop after harvest were preserved and oven 
dried before the analysis. Nitrogen and phosphorus was estimated 
[8, 9] and potassium was analysed by flame photometer [1]. 
2.5 PREPARATION OF SAMPLES FOR ATOMIC ABSORPTION SPECTROMETRY 
ANALYSIS 
2.5.1 Water Samples 
For a n a l y s i s of m e t a l s , H N O 3 d i g e s t i o n t e c h n i q u e w a s 
followed. AR grade HNO3 was added to a measured volume of well 
mixed water sample (500 ml) and heated to slow boiling in order 
to evaporte to the lowest volume possible (15-20 m l ) before 
precipitation or salting out occurs. An additional amount of HNO3 
is added if required and heated gently until the digestion is 
complete, shown by appearance of clear solution. The container 
was washed with deionized double distilled w a t e r , filtered 
through Whatman filter paper No. 42 to remove silicate and other 
insoluble material that could clog the atomiser and made upto the 
m a r k . T h i s w a s used for a n a l y s i s by a t o m i c a b s o r p t i o n 
spectrophotometer (Model GBC 9 0 2 ) . A blank sample was also 
prepared in similar manner in order to account for any analytical 
and instrumental error [1]. 
2.5.2 Sediment/Soil Samples 
The sediment from river and soil samples collected from the 
farm applied with oily sludge (after oil extraction) was dried at 
105°C for 24 hours, grinded and passed through an 80 mesh sieve. 
5 g of sediment/soil sample was digested for 30 minutes in 25 ml 
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of 1:3 H2S04:HN03 mixture, cooled and filtered through Whatman 
filter paper No. 42. The residue was again treated in a similar 
manner and filtered. Both the filtrate and washings were made 
upto a volume of 50 ml . A blank was also prepared in a similar 
manner. The prepared samples were analysed [1] by A.A.S. (Model 
GBC 902). 
2.5.3 Plant (submerged). Leaf and Fruit Samples 
The plant (submerged) samples from the river w e r e rinsed 
several times with distilled w a t e r and d r i e d at 105°C for 24 
hours. The dried plant material was g r i n d e d and 5 g of the 
powdered material was digested with 20 ml boiling AR grade HNO3 
in a 100 ml Kjeldahl flask [10]. The digests were filtered and 
made up to the mark (50 ml). A blank was also prepared in a 
similar manner. The prepared solution was used for hgiavy^metal 
determination by A.A.S. (Model GBC 902). The leaVf's and fruits^^l^ 
millet was also digested in the same manner. 
2.5.4 Oily Sludge Samples 
A weighed amount (wet w e i g h t ) of oily s l u d g e (.25 g) was 
taken and heated initially from a low t e m p e r a t u r e to a high 
temperature (550°C) to ash it. The ash was digested with 25 ml 
HNO3. The digest was filtered and made upto the mark (50 ml) with 
washings. A blank was also prepared. The prepared sample was used 
for heavy metal determination [1] by A.A.S. (Model GBC 902). 
2.6 CHEMICALS AND GLASSWARES 
All general chemicals used during the analysis of various 
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parameters were of AR grade. Corning or Borosil glasswares were 
exclusively used throughout the course of the investigation. The 
glasswares and sample containers were well washed with detergent 
and water, rinsed with distilled water and then immersed in a 
bath of 10X "''o'' 24 hours. The glasswares were then rinsed 
with deionized double distilled water till it became acid free. 
2.7 ORGANICS IN RIVERS 
2.7.1 Total Organics 
Total extractable organics in water samples were analyzed as 
per USEPA method 625 using H e w l e t t - P a c k a r d model H P - 5 8 8 0 gas 
chromatograph and HP 5970 mass spectrometer coupled to HP 7914 
data system. 
2.7.2 Method of Extraction from Water Samples [2] 
W a t e r s a m p l e s w e r e e x t r a c t e d u s i n g s e p a r a t o r y f u n n e l 
technique. The sample was adjusted to pH > 11 with ION NaOH. 60 
ml CH2CI2 was added to the sample bottle, sealed and shaked for 
30 s e c o n d s to r i n s e the inner s u r f a c e . T h e s o l v e n t w a s 
transferred to the separatory funnel and the sample was extracted 
by s h a k i n g . T h e C H 2 C 1 2 e x t r a c t w a s c o l l e c t e d in a 250 ml 
Erlenmeyer flask. A second 60 ml volume of CHgClg was added to 
the separatory funnel and repeated the e x t r a c t i o n p r o c e d u r e , 
c o m b i n i n g the e x t r a c t s in the E r l e n m e y e r f l a s k , A t h i r d 
extraction in the same manner was p e r f o r m e d . The pH of the 
aqueous phase was adjusted to pH < 2 using HgSO^. It was again 
s e r i a l l y e x t r a c t e d in the a b o v e m a n n e r . The e x t r a c t s w e r e 
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collected and combined. The combined extract was passed through a 
drying column containing 10 cm of anhydrous NagSO^ and collected 
in a Kuderna-Danish (K-D) concentrator assembled by attaching a 
10 ml concentrator tube to" a 500 ml e v a p o r a t i v e f l a s k . The 
Erlenmeyer flask and column was rinsed with 20-30 ml of CHgClg to 
complete the quantitative transfer. 
To the evaporative flask, a three-ball Snyder column was 
attached. The Snyder column was prewet by 1 ml CH2C12 at the top 
of the column. The K-D apparatus was placed on a hot water bath 
(60-65°C) so that the concentrator tube is partially immersed in 
the hot water and the entire lower rounded surface of the flask 
is bathed with hot vapour. When about 2-5 ml CHgClg was left 
after distillation, it was cooled and 20 ml hexane was added and 
distilled till about 1.0 ml extract remained. The flask and lower 
joint were rinsed with 1 or 2 ml of hexane and transferred to the 
concentrator. The extract was further evaporated till exactly 1.0 
ml remained. This extract was transferred to a teflon-sealed vial 
by a syringe and refrigerated for GC/MS analysis. 
2.7.3 Method of Extraction from Sediments [11] 
10 g of sediment was kept overnight at 103°C, r e m o v e d , 
cooled and weighed. To the sample (weighed), was added triple 
distilled water until a paste was made. 20 ml distilled (HPLC 
grade) acetone was added, mixed for 20 m i n u t e s using s h a k e r , 
followed by 80 ml hexane, shaked for 10 minutes. The extract was 
decanted in 1.0 1 separatory funnel c o n t a i n i n g 600 ml (above 
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said) water. Another 20 ml acetone was a d d e d , mixed for 20 
minutes. The extract was decanted in the separatory funnel and 
the contents were gently mixed and allowed the layer to separate. 
The extract was concentrated with K-D concentrator after drying 
on sodium sulphate column. 
2.8 DETERMINATION OF ORGANICS [2] BY GAS C H R O M A T O G R A P H Y / M A S S 
SPECTROMETRY (GC/MS) 
2.8.1 Gas Chromatograph ( G O Operating Conditions 
Fused silica capillary column HP-1, 12 m x 0.2 mm i.d. (0.33 
um film thickness) interfaced directly into the mass spectrometer 
ion source was used for chromatographic s e p a r a t i o n s . 1.0 ul 
sample injected into the column using s p l i t l e s s m o d e , at a 
carrier gas (He) flow rate of 1.0 ml/min. Oven temperature was 
programmed for an initial temperature of 50®C hold for 3 minutes, 
with ramp rate of 10°C/min. to a maximum temperature of 250'C. 
Injection temperature kept at 200''C. 
2 . 8 . 2 M a s s S p e c t r o m e t e r w i t h D a t a S y s t e m ( M S D ) O p e r a t i n g 
Conditions 
Scan range m/z 50-500, scan threshold 15, solvent delay 2 
minutes, dwell time 2 ms/ion. The identification of individual 
peaks in total ion chromatogram was done by HP 7914 data system 
having a NBS mass spectra library of about 40,000 compounds. 
2.9 CHEMICALS AND GLASSWARES 
All general chemicals used were of AR grade. HPLC grade or 
pesticide grade methylene c h l o r i d e , hexane and acetone were 
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distilled in all glass distillation a p p a r a t u s before u s e . 
Anhydrous sodium sulphate was washed with acetone and dried 
o v e r n i g h t at 230°C b e f o r e u s e . C o m m e r c i a l l y a v a i l a b l e GC 
s t a n d a r d s w e r e used for i d e n t i f i c a t i o n and e s t i m a t i o n of 
chromatographic peaks. All glasswares used for sample collection 
and analysis were deligently cleaned by initially soaking them in 
chromic acid, rinsing w i t h . d e m i n e r a l i z e d water followed by 
acetone, finally drying them at 450°C for several hours [2]. 
3.0 METHOD OF EXTRACTION OF OIL FROM OILY SLUDGE AND SOIL SAMPLES 
COLLECTED FROM FARM APPLIED WITH OILY SLUDGE 
An appropriate amount of the oily sludge (250 g, wet weight) 
and soil samples (250 g) were taken in a thimble. The extraction 
was carried out using Soxhlet apparatus with petroleum ether (60-
80°C) as the solvent for 6 hours [1]. 
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Chapter 3 
PHYSICO-CHEMICAL CHARACTERISTICS AND HEAVY METALS IN SEDIMENTS 
AND PLANTS OF RIVER GANGES (Narora to Kannauj) 
3.1 INTRODUCTION 
The Ganga drains eight states namely Himachal P r a d e s h , 
Punjab, Haryana, Uttar Pradesh, Rajasthan, Madhya Pradesh, Bihar, 
West Bengal and the Union Territory of Delhi. It is the most 
important river of India and has served as the cradle of Indian 
c i v i l i z a t i o n . T h e r e l i g i o u s h e r i t a g e a s s e r t s t h a t G a n g a 
symbolizes purity, being pure in itself and purifies everything 
coming into it. Several major pilgrim centres have existed on its 
banks for centuries and millions of people come to bathe in the 
river during religious f e s t i v a l s . The G a n g a , in its 2525 km 
length, originating from Gangotri in the Himalayas to its meeting 
point with the sea at Ganga sagar in the Bay of Bengal, passes 
along 29 Class-I cities (population over 100,000) 23 Class-II 
cities (population between 50,000 and 100,000) and about 48 towns 
having less than 50,000 population. Many towns on the river (e.g. 
Kanpur, Allahabad, Varanasi, Patna, Calcutta) have very large 
population and it also serves as the source of water supply to 
these towns. It is however, being grossly polluted especially 
near the towns situated on its banks and have become a menace to 
aquatic life and human population. 
The intensity of irrigation in the Ganga Basin is very high. 
About 435^ of the total irrigated area in the country is located 
in the Ganga basin. 
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In r e c e n t y e a r s , due to a w a r e n e s s a b o u t p o l l u t i o n , 
programmes for the monitoring and abatement of river pollution 
have been initiated almost all over the world. 
Modern civilization has seen a proliferation of chemicals 
u s e d to e n h a n c e food p r o d u c t i o n , m e d i c i n e and i n d u s t r i a l 
activities and as byproducts from incineration of wastes or 
energy production. A significant portion of these s u b s t a n c e s 
reach waterways and gets deposited in bottom sediments where from 
they pose a threat to the environment. Even when steps are being 
taken to curtail or eliminate direct s o u r c e s , these in-place 
pollutants remain and may have to be dealt with, if feasible to 
eliminate their impact on the aquatic e n v i r o n m e n t and m a n . 
H o w e v e r , t h e i r p r e s e n c e in s e d i m e n t s m a y a l s o p r o v i d e an 
opportunity to study historical fluxes of these chemicals, and 
thereby improve our understanding of their sources. 
Heavy metals have a great ecological s i g n i f i c a n c e due to 
their toxicity and cumulative behaviour [1]. These e l e m e n t s , 
contrary to most pollutants, are non-biodegradable and undergo a 
global eco-biological cycle [2] in which natural waters are the 
main pathways. 
The sediments existing at the bottom of the water column 
play a major role in the pollution scheme of the river systems by 
heavy metals f3]. They reflect the c u r r e n t quality of water 
system and can be used to detect the p r e s e n c e of insoluble 
contaminants after discharge into surface w a t e r s . M o r e o v e r 
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sediments act as the carriers and possible sources of pollution 
because heavy metals are not permanently fixed by them and can be 
released back to the water column by changes in environmental 
conditions such as pH, redox potential or the presence of organic 
chelators [3, 4]. 
High amounts of heavy metals, calcium c a r b o n a t e , organic 
matter, potassium and phosphorus were detected at downstream than 
the upstream sediment of the upper Ganga Canal which was due to 
the thermal power plant pouring considerable amounts of organic 
matter and fly ash into the stream [5]. In another study [6] of 
Ganga river sediments in Uttar Pradesh and Bihar, considerable 
variations in the accumulation of heavy metals from one sampling 
station to another was observed. 
The chemical and suspended s e d i m e n t c h a r a c t e r i s t i c s of 
Indian rivers studied [7] revealed that the Ganga accounts for 
about 36% of the dissolved materials t r a n s p o r t e d by Indian 
rivers. It was found that the actual sediment load was higher 
because of the large quantity of bed load carried by Ganga and 
Brahmaputra and that the rate of denudation may perhaps be the 
highest among the major river basins of the world. A comparison 
with other major rivers showed that the total annual load of 
Ganga river was one of the highest in the world [8], i.e., 
411 X 10®t (328 X 10®t sediment load + 83 x 10®t chemical load). 
The utilization of the Ganga bottom sediment to find its 
potentiality to support the growth of the test organisms as well 
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as its use as a rich source of fertilizer was studied [9]. The 
growth rate and chlorophyll content of the algae grown in medium 
containing 2%, 4% and sediment extract were higher than those 
grown in CHU 10 mineral salts medium. The nutritional status of 
the sediment was studied by supplementing nitrate and phosphate-
free medium with sediment extract. In another investigation [10], 
the Ganga sediments were found to be sandy, had alkaline pH and 
light textures. Strong statistical correlation o.ccurred between 
permanganate value and organic carbon and between organic matter 
and Kjeldahl's nitrogen of the sediments. 
The concentrations of the major ions (cations and anions) of 
the Qanga-Brahmaputra river system studied were attributed to two 
sources, i.e., i) atmospheric which include marine cycle salts 
and the terrestrial inputs and ii) the weathering of rocks/soils 
in the drainage basins [11]. The stream sediments of the Ganga 
river near Howrah Bridge, Calcutta, revealed the presence of Ni , 
Co, Cu, Cr and Mn which was attributed to the geochemical 
dispersion from the Singhbhum ores as well as from the Himalayas 
[ 1 2 ] . 
There was an appreciable seasonal variations observed in the 
c o m p o s i t i o n of the n a t u r e of u n e x c h a n g e a b l e b a s e s and 
minerological make up of Ganga silt at Palta Water Works [13]. A 
study of the river sediment was conducted to assess the nature 
and distribution of heavy minerals and to use heavy mineral sints 
to find their source [14]. 
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The controlled culture of aquatic macrophytes is a promising 
means of cleansing wastewater. Plants accumulate nutrients and 
other soluble compounds from the water and furnish substrate for 
a variety of organisms. Submerged plants introduce oxygen into 
the water and remove carbon dioxide during photosynthesis. 
There are a great number of rooted submerged aquatic plant 
species, but only a few have been identified that are able to 
survive in highly enriched waters. Some of these are Poamogeton 
berchtoldii Fieb,, P. filiformis P e r s . , P. f o l i o s u s R a f . , P. 
pectinatus L., P. zosteriformis Fernald., Ceratophyllum demersum 
L., Elodea canadensis Rich in Michx., Ludwigia repens Forst., and 
Najas marine L. [15-20]. In warm regions Hydrilla verticillata 
Royle is likely to dominate all other submerged plants [21]. 
The chemical analysis of submerged plants may give valuable 
information about contamination of the surrounding water [22] and 
analysis for heavy metals could be a useful method for assuming 
the average concentration of metals in the water [23], The heavy 
metal contents in Eicchornia c r a s s i p e s from G a n g e s , Y a m u n a , 
Hindon and Kali rivers were studied [6, 24, 25, 26], It was found 
that domestic sewage and industrial effluents discharged into the 
river were responsible for elevated levels of heavy metals in 
plants. 
In a comparative study on the toxicity of Hg ( I D and Cr(VI) 
to aquatic plants, it was found that Hydrilla verticillata (L.F.) 
Royle and Eicchornia crassipes had the m a x i m u m capacity for 
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r e m o v a l of t h e s e two m e t a l s , r e s p e c t i v e l y , f r o m a q u a t i c 
environment without endangering the lives of other flora and 
fauna [27]. 
The roots of water hyacinth [28] and shoots of Frontinalis 
squamosa and Rhynchostegium riparioides [29] can be used as a 
bioindicator of heavy metal pollution in rivers. Water hyacinth 
removed considerable quantities of dissolved and particulate N 
and P f r o m d i s t i l l e r y , c o t t o n t e x t i l e and m e t a l w o r k i n g 
wastewater, while Ca and Mg removals were quite low [30]. It was 
observed that as H. verticil lata abundance increase, there was 
reduction in total alkalinity, C a , M g , K, total P and iodine 
concentrations in the water of Florida lake [31]. Both inorganic 
c a r b o n and s e d i m e n t N and P w e r e i d e n t i f i e d as f a c t o r s 
potentially limiting the growth of field p o p u l a t i o n s by H . 
vertici1 lata [32]. 
T h e s y n e r g i s t i c e f f e c t s of h e a v y m e t a l p o l l u t a n t s of 
senescence in submerged aquatic plants {Potamogeton pectinatus 
L., Vallisneria spiralis L. , , and Hydrilla verticillata (L.F.) 
Royle) were studied [33]. The e f f e c t s were found h i g h e s t in 
Potamogeton and lowest in Hydrilla. It was also observed that the 
degree of senescence in the plants by combinations of heavy metal 
p o l l u t a n t s was m u c h h i g h e r due to s y n e r g i s m t h a n by the 
individual heavy metal. 
The seasonal variations in density, frequency and biomass of 
H. verticillata of Ganga river was due to c o n c e n t r a t i o n s of 
89 
pollutants in the river. H. vertici1 lata, which is sensitive to 
the concentrations of solutes exhibited growth behaviour, which 
was directly proportional to the c o n c e n t r a t i o n of p o l l u t a n t s 
[ 3 4 ] . T h e s t u d y on H . v e r t i c i l l a t a in the G a n g a r i v e r at 
Bhagalpur (Bihar) revealed that it tolerated pollution to some 
extent as comparative productivity did not decline [35]. It was 
also found that the poor growth of m a c r o p h y t e s increased the 
degree of pollution. 
A one-year study (postmonsoon 1987 - Summer 1988) on the 
Ganges river sediments and submerged plants from N a r o r a to 
Kannauj was carried out with the following objectives : 
i) to investigate the physico-chemical c h a r a c t e r i s t i c s 
and heavy metal contents in s e d i m e n t s and submerged 
plants of the river and their probable source. 
ii) to s t u d y and e s t a b l i s h the r e l a t i o n s h i p b e t w e e n 
heavy metals and other parameters, e.g., pH, organic 
matter and calcium carbonate in sediments. 
iii) to identify the pollution indicator for monitoring the 
degree of pollution in the Ganges river. 
3.2 EXPERIMENTAL 
3.2.1 Study Area 
Figure 3,1 shows the river reach under study from Narora to 
Kannauj covering a distance of about 236 km. Four sampling 
in 
lO 
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stations as described in Table 3.1 were selected for periodic 
m o n i t o r i n g . T h e c r i t e r i a for s e l e c t i o n of s i t e s w e r e 
approachi bi 1 i ty by vehicle and as far as p o s s i b l e a u n i f o r m 
inter-station distance. 
The study zone was chosen because no extensive studies on 
trace metals in this area of the Ganga basin has been carried 
out. Also this stretch has been c o n s i d e r e d to be the least 
polluted compared with the Ganges at U/S of Narora (Haridwar and 
Rishikesh) and D/S of Kannauj (Kanpur, A l l a h a b a d , V a r a n a s i , 
e t c . ) . The a r e a u n d e r s t u d y is t h i n l y p o p u l a t e d and less 
industrialized. Among the sampling s p o t s , Kannauj located at 
Farrukhabad district is an industrialized town famous for perfume 
manufacture and textile printing. The area is also a significant 
agricultural zone. Vegetables, fruits and crops of cereal, etc., 
are raised in the basin using river water for irrigation. Nallahs 
and streams joining the Ganges on either banks drain in the river 
from both the sides, carry domestic, agricultural and to a lesser 
extent industrial pollutants in large quantities to the Ganga. 
3.2.2 Collection and Preservation of Samples 
Vide Chapter 2 (section 2.1). 
3.2.3 Physico-chemical Analysis of Sediment Samples 
Vide Chapter 2 (section 2.4). 
3.2.4 Sample Preparation for A t o m i c A b s o r p t i o n S p e c t r o m e t r y 
Analysis 
Vide Chapter 2 (section 2.5). 
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TABLE 3.1 : LOCATION OF SAMPLING STATIONS 
3.No. Stations Distance 
River Km 
Longitude Lati tude 
1 . Narora 
2. Kachhla 
3. Fatehgarh 
4. Kannauj 
0 
65 
181 
236 
78° 24' 15" 
78" 51' 29" 
79° 37' 55" 
79° 59' 18" 
28° 10' 30' 
27° 55' 58' 
27° 24' 7" 
27° 0' 3" 
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3.2.5 Chemicals and Glasswares 
Vide Chapter 2 (section 2.6). 
3.3 RESULTS AND DISCUSSION 
3.3.1 Sediments 
The results of physico-chemical and heavy metal analysis of 
sediments are given in Table 3.2. 
The pH of the sediments has been found to be alkaline in 
nature (pH 7.35 - 8.05) throughout the stretch under study. The 
organic matter ranged from 0.045-0.5995«. 
The concentrations of Cd, Co, Cu, Pb and Zn in the sediments 
were found ranging 2.70-4.50; 10.59-32.40; 3.69-81.29; 20.27-
547.80 and 4.10-147.30 ug/g, dry w e i g h t , r e s p e c t i v e l y (Table 
3.2). The highest cadmium and lead concentration were found at 
Kachhla (winter and postmonsoon), w h e r e a s m a x i m u m cobalt was 
detected at Fatehgarh (postmonsoon). However, the maximum zinc 
and copper concentrations were detected at Kannauj and Narora , 
respectively during postmonsoon. The mean concentration for the 
world's sea sediment are 0.3, 0-192, 20, 2-1000 ug/g for Cd, Cu, 
Pb and Zn, respectively as reported [36]. The concentration of Cd 
and Pb at all the sampling stations were found higher than the 
mean world's sea sediment concentrations, whereas those of Cu and 
Zn were within the range. 
The sediments contain 2.4-6.9X CaCOg, which is quite high. 
The precipitation of a number of metals in presence of such a 
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I M L £ 3 . 2 : PaYSICO-CHEMICAL M D HEAVY « £ T A L ANALYSIS OF SEDIMEHTS OF SAJffiES RIVER 
PARAMETERS 
HARORA KACHHLA FATEHGARH KANNAUJ 
PMON HINT SPRG SU«« PMQN HINT SPRG SUMM PMON HINT SPRG SUMH PMON HINT SPRQ SUMM 
pH 7.7 7.6 7.6 7.65 7.7 7.6 7.65 7.60 7.95 7.35 7,8 7.75 8.05 7.9 7.95 8.0 
t CaCOj 6.9 3.8 4.9 4.4 6.7 2.4 3.0 3.8 5.8 5.0 4.8 ' 4.2 2.6 3.1 2.4 2.5 
0.599 0.081 0.453 0.186 0.582 0.168 0.111 0.091 0.259 0.096 0.075 0.226 0.119 0.123 0.045 0.12 % Organic 
B a t t e r 
E.C. at 25'C 138 211 221 160 
u Bhos/ca 
209 180 158 148 205 210 482 331 189 113 191 15 
aietals 
Chrosiufi 85.86 36.10 33.54 45.09 91.10 50.28 27.44 52.56 112.54 37.43 30.62 56.50 145.20 29.22 41.34 62.OC 
Cadfflius 2.74 4.51 2.96 4.28 3.04 4.52 2.93 4.20 3.12 3.16 2.84 3.98 3.02 2.84 3.40 3.9^  
Cobalt 15.60 16.72 10.86 15.86 29.00 14.88 10.81 14.04 32.40 12.36 10.59 16.48 25.80 10.73 12.00 14.?^  
Copoer 81.29 10.34 9.07 6.96 10.74 12.90 3.69 4.80 9.86 6.46 4.96 4.46 58.92 9.10 4.44 4.0' 
Iron 10378.0 13830.0 7620.0 12664.0 8820.0 12720.0 8672.0 10488.0 87440.0 10652.0 8536.0 11372.0 4870.0 7224.0 9680.0 1479: 
Lead 132.00 20.32 22.18 35.78 547.80 35.00 21.08 35.14 478.20 20.27 20.85 34.67 191.60 20.78 34.18 33.8! 
Manganese 332.20 104.20 91.20 146.40 272.80 168.00 108.00 127.20 294.00 147.60 96.40 138.30 248,80 80.80 104.40 210,4' 
Nickel 23.18 26.75 12.36 20.56 38.15 23.34 12.06 18.03 34.74 16.50 13.04 17.75 30.92 13.05 15,32 17.5 
Zinc 119.60 7.80 4.10 9.00 95.40 8.20 4.50 11.00 80.00 7.20 7.50 8.62 140.60 7.30 11.40 6.6 
All the values of heavy setals are expressed in ug/g. 
PMON : Postsonsoon (Seoteisber - October. 1987) 
HINT : Hinter (Deceaber. 1987 - January, 1988) 
SPRG -- Spring (March - April, 1988) 
SUMM : SuEffier (May - June, 1988) 
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high concentration of carbonate is known. Hg, Cd and Pb are 
p o t e n t i a l l y the m o s t d a n g e r o u s a m o n g the h e a v y m e t a l s 
accumulating in the sediment. Since the reach of the study area 
does not receive any major industrial p o l l u t a n t s , it seems 
logical to assume that these metals are coming to the river from 
U/S of Narora. It has been shown that heavy metal carbonates of 
low solubility such as CaCOg and PbCOg are completely eliminated 
from the solution as a result of CaCOg precipitation [27]. The 
precipitation of Cd, Cu and 2n along with CaCOg in the Elbe river 
estuary resulted from mixing of the normal water with alkaline 
industrial effluents [38]. 
High concentrations of iron (4870-87440 ug/g) and manganese 
(80.20-332.20 ug/g) were detected at all the sampling stations. 
The high concentration of iron was due to limonite (ore of iron) 
at Kannauj [39]. Iron may have precipitated at Kannauj during the 
236 km flow of the river. The incidence of heavy metals in 
sediments from Badrinath to Narora may be a t t r i b u t e d to the 
geochemical source [40]. The presence of iron and manganese might 
also be attributed to pollution due to domestic sewage and land 
surface runoff introduced into the r i v e r . The water of Qanga 
river has been reported to be alkaline in nature and under 
a l k a l i n e c o n d i t i o n , iron h y d r o l y s e s and f o r m s i n s o l u b l e 
hydroxides [41] which settle down onto the s e d i m e n t s of the 
r i v e r . The h y d r o x i d e s and o x i d e s of Fe and Mn c o n s t i t u t e 
significant sinks of heavy metals in the aquatic system [42]. 
These hydroxides and oxides readily sorb or c o - p r e c i p i t a t e 
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cations and anions. Even at low concentration Fe(0H)3 and MnOg 
has a controlling influence on the heavy metal distribution in 
the aquatic system. Therefore, the high concentrations of heavy 
metals may also have been attributed due to precipitation with 
hydroxides and oxides of iron and manganese. 
The levels of chromium and nickel ranged between 27.44-
130.00 and 12.06-38.15 ug/g, respectively. The maximum chromium 
was detected at Kannauj (postmonsoon) whereas the highest nickel 
concentration was found at Narora ( p o s t m o n s o o n ) . The organic 
matter was also found in high concentrations at these sampling 
stations which was due to disposal of sewage w a s t e s and land 
surface runoff. Since heavy metals are adsorbed and exchanged by 
clay minerals and humic acids, i n v e s t i g a t i o n s on the metal 
composite and organic content of bottom sediment are important. 
The distribution of heavy metals in w a t e r s and s e d i m e n t s of 
rivers and lakes was controlled mainly by organic matter [43-47]. 
A p o s i t i v e c o r r e l a t i o n o c c u r s w h e n m e t a l ions i n t e r a c t in 
s o l u t i o n w i t h d i s s o l v e d o r g a n i c m a t t e r t h a t are in turn 
concentrated by adsorption [48]. Our results showed that as the 
organic matter increases, the heavy metal c o n c e n t r a t i o n also 
increased except cadmium. It seems quite possible in this case 
that these metals might have interacted with the organic matter 
in the aqueous phase and then settled down resulting in high 
concentration of the metals in the sediments. Cadmium adsorption 
was not significantly affected by the presence of organic matter 
due to weak complex formation with organic ligands [49]. 
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The fluctuations in our observations may be due to sorption 
capacity of the sediments and the strength of d o m e s t i c waste 
being discharged into the river. 
3.3.2 Plants 
The concentration of heavy m e t a l s in submerged plants 
(Hydrilla vertici11ata, Nechamandra alternifolia and Vallisneria 
spiralis) have been presented in Tables 3.3, 3.4, and 3.5. There 
were no plants found during the postmonsoon season. This may be 
due to the fact that these plants might have been uprooted by the 
fast flow of the river during this period. 
Plants are known to accumulate metals [23, 50] and can be 
used as a bioindicator of heavy metals [28, 29, 51]. 
A t all the s a m p l i n g s t a t i o n s iron and m a n g a n e s e w e r e 
detected in high concentrations in all the submerged plants. It 
appears that a correlation between the availability of iron and 
manganese exist. The maximum iron and manganese concentrations 
w e r e d e t e c t e d at K a n n a u j , 1 0 5 2 2 . 2 0 and 9 4 9 8 . 0 0 u g / g , 
respectively, during summer in V. spiralis. 
Chromium was found to be present in the range of 12.72-
269.00 ug/g. The highest concentration was detected at Fatehgarh 
I 
(N. alternifolia) in summer. The concentration of cadmium was 
found to range between 0.48-4.42 ug/g. Cadmium was found to be 
maximum for all the three plants collected from Kannauj during 
summer. It has been observed that CdClg at 1,10 and 25 mg/1 
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TABLE 3.3 : C M C E H T R A T I M S OF HEAVY HETALS IM SUBHERGED PLANT (Nechaiandra a l t e r n i f o l i a ) OF THE GANGES RIVER (ug/g) 
ELEMENTS 
NARORA KACHHLA FATEH6ARH KANNAUJ 
NIKT SPRG SUMM HINT SPRG SUMM HINT SPRG SUMtt HINT SPRG SUMM 
ChroEiuB 102.20 15.81 12.72 14.07 16.93 20.70 143.00 22.52 269.00 68.14 23.63 69.73 
CadfiiuB 0.75 0.8! 0.94 0.55 0.51 0.69 0.74 1.02 0.92 0.78 0.92 1.06 
Cobalt 9.55 3.89 3.98 2.91 2.42 3.47 13.60 2.76 4.60 40.83 3.78 7.50 
Copper 1344.00 10.90 10.10 85.00 7.70 9.95 18.09 14.60 11.10 18.06 13.80 16.80 
Iron 1030.00 1600.00 2324.00 1506.00 1822.00 2360.00 593.00 3088.00 2861.40 3562.40 3647.60 8621.40 
Lead 403.20 18.73 19.27 23.45 .^40 15.96 699.00 18.86 678.40 621.89 13.77 12.82 
Manganese 1014.00 398.80 532.00 334.40 251.20 259.20 735.00 333.60 522.80 142.08 457.60 1642.60 
Nickel 33.80 8.93 9.32 8.65 6.92 10.99 27.00 8.70 29.86 12.08 10.15 46.32 
Zinc 998.00 7.10 7.50 15.90 5.-80 4.30 487.00 26.60 677.60 249.40 14.34 7.90 
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TABLE 3 .4 : COHCEJtTRftTIMS OF HEAVY METALS IM THE SUBMERGED PLAKT ( H y d r i l l a v e r t i c i l l a t a ) OF THE GAMGES RIVER (ug/g) 
ELEMENTS 
NARORA KACHHLA FATEHGARH KANNALU 
HINT SPR6 SUHM HINT SPRG SUtlll HINT SPR6 SUMM HINT SPRG SUMM 
ChroaiuB 81.04 24.79 14.84 19.23 17.79 14.54 157.00 210.00 170.80 37.40 41.90 52.34 
CadffliuB 1.06 0.77 1.37 1.31 0.83 0.62 1.20 0.92 0.62 0.67 1.08 2.30 
Cobalt 10.12 2.77 4.34 5.13 3.40 3.44 17.20 4.70 8.40 15.72 17.62 6.05 
Copper 838.00 10.70 16.10 38.60 13.50 10.59 10.58 9.20 8.40 18.68 18.32 14.60 
Iron 1128.00 3464.00 5404.00 1550.40 1867.20 476.80 430.00 2932.00 889.04 3940.40 7284.00 6019.70 
Lead 354.10 15.51 17.32 18.41 13.47 10.34 31.00 16.82 39.60 10.86 14.60 12.90 
Manganese 1432.00 1760.00 1796.00 1740.80 320.00 364.40 1001.00 543.20 821.01 244.60 532.30 2478.00 
Nickel 42.30 12.05 12.95 15.27 10.39 5.11 47.90 9.90 49.62 18.68 22.46 32.70 
Zinc 1124.00 5.40 5.60 20.60 9.80 12.50 509.00 24.80 511.00 17.20 19.80 12.70 
100 
TABLE 3 . 5 : CfflCHTRATIOMS OF HEAVY METALS IN THE SUBHER6ED PLAHT ( V a l l i s n e r i a s p i r a l i s ) O f THE 6AH6ES RIVER (ug/g) 
ELEMENTS 
HARORA KACHHLA FATEHGARH KANNAUJ 
HINT SPR6 SUMM HINT SPRG SUMM HINT SPRG SUMM HINT SPRG SUMM 
Chrofiius 64.50 21.75 14.53 20.80 21.90 17.10 36.56 15.79 80.70 49.94 57.20 78.69 
Cadniuti 1.28 2.84 0.77 2.07 1.48 2.13 1.40 0.48 1.21 2.43 3.78 4.42 
Cobalt 12.00 7.04 4.03 6.16 5.38 7.29 13.70 2.77 12.80 12.88 13.60 9.42 
Copper 19.30 14.10 8.20 171.60 31.00 31.60 17.50 10.10 6.80 17.80 15.40 16.80 
Iron 6294.00 3014.00 3122.40 5940.00 5268.00 4728.00 6080.00 2640.80 4682.30 4673.20 7842.00 10522.20 
Lead 1814.00 15.58 12.90 23.60 18.54 20.36 7450.00 12.36 847.30 20.37 24.45 22.71 
Manganese 4708.00 1566.40 574.40 284.00 280.40 286.20 9390.00 588.80 968.70 403.20 987.40 9498.00 
Nickel 22.00 15.16 9.67 15.91 12.46 19.20 39.60 7.30 41.30 19.80 23.60 49.40 
Zinc 1046.00 8.60 7.00 24.30 10.70 10.70 188.00 12.20 , 203.00 14.20 14.34 10.42 
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concentrations caused distortion of the phycoplast of some young 
germlings and also caused the distortion in shape and size of the 
nucleus of young filaments of green algae [52]. Cadmium at > 5 
ug/1 decreased the growth and caused the rupture of the ascus of 
P. micans cultures [53]. The copper concentration was found to be 
the highest at Narora in N. alternifolia (1344.00 ug/g) followed 
by H. verticillata (838.00 ug/g) and V. spiralis (171.60 ug/g) 
during winter. It has been observed that irrigation with water 
containing copper affected the growth and yield of tobacco when 
soil contents of copper reached a level of > 200 ppm after 
irrigation [541. 
Nickel was detected in the range of 5,11-49.62 ug/g. The 
highest concentration (H. verticillata) was found at Fatehgarh 
during summer. It has been found that the accumulation of nickel 
in fresh water algae acts as the growth inhibitor even at low 
concentrations [55-57], Species c o m p o s i t i o n and d i v e r s i t y of 
algal communities in experimental streams decreased when the 
communities were exposed to 0.002-1.00 mg/1 of nickel [58]. 
Cobalt was detected in considerable amounts in all the three 
plants studied. It ranged between 2.42-40.83 ug/g. The highest 
concentration (N. alternifolia) was found at Kannauj during 
winter. Lead was also detected in higher concentrations in all 
the plant species, ranging from 9 . 4 0 - 7 4 5 0 u g / g . The highest 
concentration was found in V. spiralis collected from Fatehgarh 
during winter. 
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Zinc was found to be present in the range of 4.30-1 124.00 
u g / g w h i c h is m u c h h i g h e r than the c o n c e n t r a t i o n in the 
sediments. The maximum zinc concentration was detected at Narora 
(H. verticillata) during winter. It has been established that 
commercial fertilizers are responsible for the contribution of 
zinc to river water and sediments [59, 60]. 
The results showed that considerable amounts of heavy metals 
got accumulated in plants, which is due to their uptake from 
sediments as well as from the water. 
3.4 CONCLUSION 
The following conclusions can be drawn from the above 
discussion :-
(i) The Ganges river at Kannauj was found to be the most 
polluted among the sampling sites chosen. 
(ii) The concentration of heavy metals was found high in 
postmonsoon followed by summer for s e d i m e n t s . The 
plants accumulated metals most in summer. 
(iii) All the three plant species studied showed high metal 
enrichments whereby V. spiralis is tolerant towards Cd, 
Co, Ni, Pb, Fe, Mn and Zn; H. verticillata towards Cr, 
Ni , Cd, Co, Cu, Fe, Mn and Zn and N. a l t e r n i f o l i a 
towards Cr, Pb, Cu and Zn accumulation. 
(iv) The sediments and submerged plants can be used as a 
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good indicator of heavy metal p o l l u t i o n in aquatic 
envi ronment. 
(v) The highest concentrations of metals were found at 
stations having alkaline pH, m a x i m u m CaCOg and high 
organic matter. 
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Chapter 4 
PHYSICO-CHEMICAL CHARACTERISTICS OF THREE INDIAN RIVERS 
(Yamuna, Hindon & Kali) 
4.1 INTRODUCTION 
Much concern has been shown in recent years in India abouc 
pollution of rivers in general and the G a n g e s , a n d Yamuna in 
particular. An extensive study (3 years) of the water quality for 
Ganges river has been carried out under the Ganga Action Plan. 
The Yamuna, the biggest tributary of the Ganges river, owes 
its origin in Yamunotri glacier, 10 km west of Himalayan peak of 
Bundarpunch and spread over 1000 km from its origin to Allahabad 
where it merges into the Ganges (Sangam). It is considered to be 
one of the most sacred rivers according to Hindu mythology. It 
passes through Doon Valley and S a h a r a n p u r d i s t r i c t , takes a 
southward direction and then covering Delhi, Mathura and then 
flows a south-eastern course all the way till it meets Ganges at 
A1lahabad. 
Today, however, the Yamuna is India's most sewage-polluted 
river and in fact has ceased to flow in Delhi. Almost devoid of 
potable water, the river has now been reduced to a' confluence of 
drains. As much as 430 mgd (million gallons per day) of water are 
drawn from the river to meet Delhi's water requirements. Much of 
the water is also diverted into irrigation canals, since, the 
river water has been intensively used for agriculture. About 360 
mgd of industrial and biological effluents find its way through 
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the 19 nallahs that criss-cross the city and flush it of its 
refuse. About B0% of the water supplied to Delhi is returned to 
the r i v e r as w a s t e w a t e r , m o s t of w h i c h is u n t r e a t e d and 
contaminated. There are only five t r e a t m e n t plants in Delhi 
catering only half of Delhi's sewage (1,500 mgd) before being 
dumped into the river. 
The river water is so highly contaminated that it has been 
reported unfit even for irrigation and it is also the breeding 
g r o u n d of w a t e r - b o r n e d i s e a s e s . A b o u t 3 0 ^ of the c i t y ' s 
population is directly dependent on the untreated river water 
under these circumstances. 
Small-scale industries are among the major polluters of the 
Yamuna in Delhi. There are between 60-70,000 units with neither 
the expertise nor the facilities for treating dangerous waste. 
Mathura is a famous pilgrim centre and also an industrial town. 
K a l i , a small r i v e r , o r i g i n a t i n g f r o m the v i l l a g e of 
Antuwara in Muzaffarnagar district flows through the plains along 
the major townships of Meerut, B u l a n d s h a h r , A l i g a r h , Etah, 
M a i n p u r i and f i n a l l y m e r g e into the G a n g e s at K a n n a u j in 
Farrukhabad district, covering a distance of 417 km. The flow in 
the Kali is constituted mainly by groundwater infiltration and 
r u n o f f s i n c l u d i n g the w a s t e w a t e r d i s c h a r g e s f r o m s e v e r a l 
industries (distilleries. Modi complex industries, sugar mills, 
Khansari sugar units, etc.) developed along the course of the 
river. As the river gets severely polluted and more so in summer 
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months, it gives "Kali" (meaning black) appearence - the name 
Kali was given perhaps due to this reason. 
The river Hindon originating about 30 km north of Jainpur in 
Saharanpur district flows along major industrial centres of 
Saharanpur, Muzaffarnagar, Meerut and Ghaziabad to merge into the 
Yamuna in Bulandshahr district covering a distance of 250 km. 
K a l i w e s t and K a r s u n i , the two t r i b u t a r i e s j o i n it b e f o r e 
Ghaziabad. 
Water from Hindon river and Kali Nadi is used for domestic 
p u r p o s e s , d r i n k i n g , i r r i g a t i o n , f i s h e r i e s as well as for 
discharge of industrial effluents. 
Pollution of rivers is a problem worthy of serious attention 
b e c a u s e r i v e r s are a m a j o r s o u r c e of f r e s h w a t e r s u p p l y . 
Intensive researches have been carried out on monitoring of 
rivers all over the globe since environmental awareness arose. 
The p h y s i c o - c h e m i c a l c h a r a c t e r i s t i c s and h e a v y metal 
contents in water, sediments, submerged plant and fish of Yamuna 
[1, 2], Hindon [3, 4] and Kali [5-7] rivers have been studied. It 
was found that the variations of heavy metals and various 
physico-chemical parameters in the rivers may be due to the 
variations in the industrial and sewage wastes being added to the 
river at different places. The water quality improved where the 
rivers merged with less polluted tributaries. 
The water quality status of Yamuna and Kali rivers [8-111 
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have been surveyed. Stretches of Yamuna river were identified 
which required quality upgrading and a comprehensive strategy was 
presented for improving the water quality of the river on the 
basis of water quality index [10]. The author also used a disc 
for expressing the suspended colloidal c o n t e n t of river Kali 
t h r o u g h a d e p t h of light p e n e t r a t i o n ( D L P ) p r i n c i p l e and 
developed a mathematical model for an approximate correlation 
between the DLP and the river's BOD [9]. It was also observed 
that inspite of a highly polluted status of the river Kali, it 
can be exploited for some beneficial uses which is very difficult 
to conclude on the basis of the conventional practice of judging 
a river's suitability on the basis of the concentrations of its 
various quality variables [111. The sources of pollution, natural 
as well as man-made in the rivers has been discussed [12, 13]. 
Monitoring of the Yamuna river water and the four drains, 
draining into the river was carried out to identify the source of 
water pollution in Delhi [14]. The dissolved material load of the 
river increased by 405K due to input from Delhi region and heavy 
metals in the drains were higher than those in the river. It has 
also been observed that the maximum sediment mass transfer in the 
Yamuna river takes place during the monsoon season [15]. The 
sediment load constitutes 58.86^ of the total load carried by the 
river depending upon the sites which is controlled by lithology. 
A study was undertaken to estimate the pollution loads of 
various drains discharging untreated wastewaters into the Yamuna 
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river at Allahabad f16]. Twenty-six drains and their tributaries 
were identified and their wastewaters were characterized in terms 
of physico-chemical parameters. The study indicated substantial 
pollution in the vicinity of disposal sites due to drainage 
discharges, despite the large waste assimilation and dilutive 
capacities of the rivers. 
Pollution studies of Kali Nadi water in 1979-80 at Meerut 
showed significant amounts of trace metals, particularly Cr, Mn, 
V, 2n and Cd indicating sporadic p o l l u t i o n from industrial 
wastewater mainly from sugar factories, distilleries and rubber 
factories [17]. It was also found that apart from industrial 
effluents, Meerut city sewage discharged high amounts of toxic 
metals and inorganic and organic pollutants in the river causing 
deterioration in the quality of the river water [18] which will 
ultimately have a harmful impact on f i s h e s , cattle and human 
beings of the surrounding area. The pollution of river Kali by 
industrial wastes near Mansurpur (Meerut) has also been studied 
[19] and furthermore, the authors have also seen the effects of 
sugar factory and distillery wastes on fish. 
Studies on the heavy metal pollution of Y a m u n a river in 
Uttar Pradesh were conducted [20, 2 1 ] . It was found that the 
concentration of most metals were within the permissible limits 
for fresh water biota. Mn, Cu, and Zn exceeded the permissible 
limits which were attributed to pollution from waste effluents 
entering the stream. 
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The Y a m u n a river at A g r a is p o l l u t e d by d o m e s t i c and 
industrial wastes to the extent that it should not be used as a 
raw water source for the Agra city supply prior to special 
treatment [22]. The water from a depth of 30 cm (lowest region 
collected) of river Yamuna at Allahabad was found to have fairly 
high fluorine content (2 mg/1) than the permissible concentration 
of 1.0 mg/1 [23]. 
Analysis of trace metals in river Yamuna, treated effluents 
of Delhi sewage disposal plant and the soil sample where the 
treated effluent is used for irrigation purposes has been carried 
out [24]. The removal of certain toxic metals have been developed 
by recycling of water containing metallic species with expanded 
bed of sand particles ("0.2 mm) coated with naturally occurring 
polyelectrolytes fhumic acid) extracted from the alluvial soil of 
river Yamuna. 
A comparison of physical factors, chemical parameters and 
bacterial indicators with their relevant standards in the water 
of S a n g a m ( p o i n t w h e r e Y a m u n a m e r g e s into the G a n g e s ) at 
Allahabad during the Maha Kumbh (large scale bathing festival) 
period of January and February 1989 indicated that the water is 
fit for bathing in respect of pH, t e m p e r a t u r e , D O , BOD and 
coliform groups [25]. However, a significant increase in organic 
carbon content (BOD) and bacterial contamination' in such waters 
may be harmful for public bathing purpose. It was found that fly 
ash from two coal burning power plants is the source of heavy 
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metal pollution especially arsenic in the Yamuna river [26]. 
A study was conducted during 1983-84 to quantify the heavy 
metal pollution in the Kadarabad drain receiving wastewaters rich 
in heavy metals from the industries of M o d i n a g a r Industrial 
township [271, The study revealed that the drain discharged about 
2.2 kg chromium, 3.4 kg nickel, 31.2 kg zinc, 7.8 kg lead and 
371.3 kg iron per day into the river. 
The present study was taken up in order to see the impact of 
s e w a g e and i n d u s t r i a l w a s t e s on the p h y s i c o - c h e m i c a l 
characteristics of the river water and concentrations of heavy 
metal in the water and sediments of the rivers Yamuna, Hindon and 
Kali. The prevailing concentration of the heavy metals have been 
compared with other prescribed values and limits for drinking and 
irrigation water in order to find the suitability of the river 
water for these purposes. The mechanism of sedimentation of heavy 
metals through pH, organic matter and calcium carbonate has also 
been discussed. 
4.2 EXPERIMENTAL 
4.2.1 Study Area 
The present study covers about 160 km of the Yamuna river 
and two important cities, namely Delhi (Union T e r r i t o r y ) and 
Mathura fUttar Pradesh). Five sampling sites selected on the 
Yamuna river were Wazirabad, ITO, Okhla (Delhi), Mathura U/S and 
Mathura D/S and one each of Hindon river at Ghaziabad and river 
Kali at Aligarh (Figure 4.1). The samples were collected during 
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summer (June, 1988) and after the monsoon (October, 1988). 
4.2.2 Collection and Preservation of Samples 
Vide Chapter 2 (section 2.1). 
4.2.3 Physico-chemical Analysis of Water and Sediment Samples 
Vide Chapter 2 (section 2.4). 
4.2.4 Sample Preparation for Atomic A b s o r p t i o n S p e c t r o m e t r y 
Analysis 
Vide Chapter 2 (section 2.5). 
4.2.5 Chemicals and Glasswares 
Vide Chapter 2 (section 2.6). 
4.3 RESULTS AND DISCUSSION 
4.3.1 Water 
The physico-chemical and heavy metal data collected for the 
three rivers (Yamuna, Hindon and Kali) in these studies are given 
in Tables 4.1 and 4.2, respectively. 
The data indicated a minimum surface water temperature of 
23.5*C at Wazirabad and a maximum of 30.5°C at Okhla. A wide 
range of turbidity in the river water was observed at different 
sampling stations (4.0 - 22.0 NTU). Low turbidity was observed 
during the dry months (4.0 - 7.0 NTU). The turbidity increased 
after the monsoon and maximum values were found in October which 
may be due to high turbulence and heavy soil erosion during the 
monsoon. The turbidity is not only an aesthetic problem for 
domestic use of water but it can also be a significant factor for 
TABLE 4 . 1 : PHYSICO-CHEMICftL CHARACTERISTICS OF YAHUHA, H I H D M & KALI RIVERS 
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YAMUNA HINOON KALI 
PARAHETERS 
1 
HAZIRASftD ITO OKHLft MATHURA (U/S) HATHURA (D/S) | 1 GHAZIA8A0 | 1 ALIGARH i 
1 
( 
1 Jun. Oct. Jun. Oct. Jun. Oct. Jun. Oct. Jun. Oct. 1 Jun. Oct. : Jun. 
f 
Oct. ! 
1 
1 
1 
Teiperature | 
_ I 
28.5 23.5 28.0 24.0 30.5 24.0 29.0 25.5 30.0 
1 
1 
26.0 1 28.5 
1 
1 
24.5 ! 30.0 
1 
1 
26.5 ! 
t 
1 
PH ! 
1 
7.40 8.60 7.60 7.85 8.10 8.05 7.90 8.05 8.40 
f 
1 
8.50! 7.60 
( 
1 
8.421 8.00 
» t 
8.05! 
Dissolved ! 
Oxygen | 
•• __- _._ 1 
5.2 9.4 0.6 6.3 1.2 6.1 2.4 6.6 1.9 
t 
t 
6.4 ! 2.0 
} 1 
10.4 1 2,4 
! 
1 
7.4 i 
t 
1 
1 
Turbidity [ 4.0 5.0 7.0 7.0 5.0 22.0 4.0 9.0 7.0 
1 
1 
18.0 ! 5.0 
1 
5.0 1 6.0 
1 
13.0 1 
Electrical ! 
Conductivity! 515.0 369.0 555.0 711.0 906.0 1430.0 1270.0 716.0 1364.0 
1 
1 
890.0 ! 540.0 
1 
1 
735.0 ! 740.0 
1 
1 
f 
620.0 1 
1 
Alkalinity I 
(Total) I 
J. 
158.7 141.7 176.4 205.0 240.0 265.6 225.0 239.4 230.0 
1 
1 
239.4 1 163.8 
J 
291.5 1 
1 
347.0 329.3 1 
1 t 
Alkalinity .{ 
(phenolp.) ! Nil 14.2 Nil Hil Nil Mil Nil Nil 3.6 
t 
1 
1 
7.1 ! Nil 
1 
2.4 ! 
1 
Nil 
1 
Nil I 
J 
( 
Hardness 1 
(Total) 1 138.0 132.0 148.0 228.8 250.0 388.0 205.0 232.0 243.0 
1 
231.0 i 140.0 
1 
218.0 : 
1 
212.0 
1 
226.0 1 
..J 
i 
Chloride | 44.0 7.2 54.0 66.2 90.9 200.5 201.0 73.3 212.2 
1 
92.9: 
I 
67.5 
! 
1 
76.8 1 36.0 
t 
1 
21.5 ! 
... ' t 
/ 
Sulphate 56.0 40.0 39.0 77.5 69.0 95.0 129.0 76.3 140.0 
i 
1 
87.5; -' 33.0 
1 
1 
! 
28.8 ! 
1 . 
62.0 
I 
37.5 ! 
1 
t 
1 
1 
Phosphate I 6.2 1.6 10.2 16.0 26.4 50.4 3.4 7.6 2.6 
t 
1 
0.8 ! 9.0 
1 
5.5 i 
. i 
2.9 
1 
1.0 i 
... 1 
1 
1 
1 
Calciui ! 16.8 14.8 36.0 46.4 40.0 74.4 18.4 59.6 37.6 
/ 
1 
57.6 ! 32.8 
f 
1 
» 
43.6 ! 16.0 
1 
40.0 ! 
1 f 
Magnesiui! ! 23.0 23.1 13.9 27.1 36.0 48.5 38.2 19.9 35.8 
1 
1 
26.5: 13.9 
1 
26.2 i 
. 1 . 
50.9 
( 
30.2 1 
1 
) 
Continue ... 
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Sodium 46.0 20.5 52.0 56.0 
1 
78.0 126.0 
1 
159.0 64.0 156.0 72.0 53.0 69.0 
I 
56.0 40.0 
PotassiuB 11.8 6.8 11.8 7.0 23.5 25.0 35.0 9.6 38.5 10.5 11.8 9.9 17.8 16.0 
Nitrate 0.4 0.7 10.1 1.0 3.3 1.1 0.6 3.8 0.7 4.5 0.8 2.6 0.4 3.3 
Flouride 0.6 0.4 1.2 0.5 1.3 0.5 1.2 0.4 1.2 0.4 0.5 0.3 1.0 0.5 
COD 19.6 16,0 26.6 38.4 62.0 118.4 27.9 16.0 44.8 25.6 9.6 38.4 22.3 40.5 
BOD 6.5 5.7 9.3 11.3 20.8 34.9 9.6 4.4 17.2 8.8 3.5 12.5 7.4 11.9 
Total dissol-
ved solids 278.0 192.0 325.0 451.0 480.0 854.0 761.0 450.0 796.0 502.0 280.6 430.4 414.0 390.0 
Total suspen-
ded solids 162.0 98.0 194.0 320.0 208.0 231.0 433.0 567.0 527.0 400.0 301.0 260.6 224.0 295.0 
/ 
All the values are expressed in fsg/l except teaperature ('C), pH, 
turbidity (NTH) and electrical conductivity (umhos/cB). 
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irrigation purpose. The solid particles can settle down and clog 
water conveyances and thus choke the distribution systems. The 
sprinkler irrigation systems may also be clogged by suspended 
materials present in the river water [28]. 
The rivers maintained an alkaline pH ranging between 7.4 -
8.65. High pH values were observed at O k h l a , M a t h u r a D/S and 
Ghaziabad. At these stations there are large volumes of domestic 
and industrial wastes being discharged which may be the reason 
for high pH values. 
The concentrations of total dissolved solids in the Yamuna 
rapidly increased from Wazirabad (192.0 mg/1) to Okhla (854.0 
mg/1). The Yamuna enters Delhi from Wazirabad and after passing 
through the city, it collects large v o l u m e s of sewage and 
industrial wastewaters alongwith it and leaves at Okhla. 
The concentration of chlorides and sulphates showed a very 
wide range of fluctuation along the r i v e r s . The minimum (7.2 
mg/1) and the maximum (212.2 m g / 1 ) values of chloride was 
observed at Wazirabad and Mathura D / S . Even at O k h l a , the 
chloride concentration was high (200.5 mg/1) inspite of the fact 
that at Okhla, the water gets diluted with water diverted from 
the Hindon river. The maximum chloride recorded in river Hindon 
water diverted to Okhla during dry months is around 12 mg/1 [29]. 
As the river Hindon passes through Ghaziabad, one of the most 
industrialized town of Uttar Pradesh, it gets polluted. High 01"" 
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content of water could probably be due to pollution from animal 
origin [30] and bathing activities. The maximum (140.0 m g / 1 ) 
sulphate concentration was detected at Mathura D/S. 
T h e r e w a s c o n s i d e r a b l e v a r i a t i o n s in the p h o s p h a t e 
concentrations at most of the sampling s t a t i o n s . The highest 
level was detected at Okhla (50.4 mg/1). The high amount may be 
due to cremation of dead bodies at the river banks, after which 
the ashes are thrown into the river water which ultimately leads 
to the increase in the phosphorus level. It was also due to 
e x t e n s i v e use of f e r t i l i z e r s ( p h o s p h a t e ) and p e s t i c i d e s 
(organophosphorus) reaching the river by surface runoff after the 
monsoon. 
The total hardness of water from the three rivers can be 
classified as ranging from hard to very hard. The hard water as 
irrigant is not a limiting factor for plant growth since calcium 
and magnesium responsible for hardness, are useful nutrients also 
for growth of plants. The total a l k a l i n i t y ranged from 141.7 
(Wazirabad) to 265.6 mg/1 (Okhla) of Yamuna river. The alkalinity 
value is usually close to the hardness values indicating that the 
a l k a l i n i t y of the r i v e r w a t e r is due to the p r e s e n c e of 
carbonates and/or bicarbonates [31]. 
Organic matter when added to a natural body of water is 
decomposed aerobically by micro-organisms causing depletion of 
oxygen in water. Since oxygen" in surface water is an important 
water quality parameter, its concentration is an indication of 
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the health of the stream. The low dissolved oxygen levels result 
in fish kills, offensive odours, sludge banks and in general 
aesthetic conditions. The Central Board for the Prevention of 
Water Pollution has specified a minimum DO level of 4.0 mg/1 to 
maintain fish population and a variety of microorganisms. A low 
DO level was observed during summer (0.6 - 2.4' mg/1) along the 
rivers under study except at Wazirabad (5,2 mg/1). This shows 
that the river is grossly polluted. The water q u a l i t y can be 
improved if the waste flow from various drains from the city is 
contained. At Wazirabad the water is tapped for water supply 
after proper treatment. After the monsoon, the DO increases due 
to dilution of the river water. 
At Wazirabad, the COD and BOD values were low as compared to 
the other sampling spots of Yamuna. The high COD and BOD values 
at almost all the sampling stations indicate the magnitude of 
organic pollution. 
Nitrate and fluoride concentrations were found within the 
permissible limits (WHO) for drinking water except at ITO where 
nitrate was found to be 10.1 mg/1. Increase in the levels of 
nitrates in water may probably be associated with the application 
of nitrogen fertilizers. High levels of nitrates may occur in 
river water particularly after heavy rainfall through surface run 
off [321. This amount of nitrate can be harmful as none of the 
conventional water treatment and disinfection practices modify 
the levels of nitrate to any a p p r e c i a b l e e x t e n t , and since 
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n i t r a t e c o n c e n t r a t i o n is n o t c h a n g e d m a r k e d l y in w a t e r 
distribution systems, the levels in tap water are often very 
similar to those for the source [33]. 
Heavy metals today have a great ecological significance due 
to their toxicity and accumulative behaviour [34]. The presence 
of various metals in the aquatic system is dependent on a wide 
range of chemical, biological and environmental factors. A very 
important factor which influences the a v a i l a b i l i t y of heavy 
metals in the aquatic system is the hydrogen ion concentration. 
The precipitation of heavy metals in solution and w a s t e w a t e r 
occurs at above pH 7 [35-37]. The pH observed in this study 
varied from 7.4 to 8.6. However, in the p r e s e n t s t u d y , this 
phenomenon could not be correlated at every sampling station for 
all the metals due to entering of the pollutants from diverse 
n o n - p o i n t s o u r c e s into the r i v e r . The w o r l d ' s m e a n s t r e a m 
concentration of Cu [38] was 7 ug/1 whereas in the rivers under 
study, it was as high as 26.4 ug/1 (Yamuna at Okhla) and 17.9 
ug/1 (Hindon at Ghaziabad). 
The concentration of cadmium and lead in the water ranged 
between 1.8-16.9 and 7.0-142.0 ug/1, respectively. At Ghaziabad, 
the concentration of Pb was as high as 169.0 ug/1. The world's 
mean stream concentration of Pb reported was 3 ug/1 [38]. All the 
three rivers are contaminated by lead above the w o r l d ' s mean 
stream concentration. The high level of Pb may be attributed to 
industrial activities such as industrial and a i r - b o r n e dust 
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TABLE 4 . 2 : HEAVY HETAL COHTE«T IN HATER OF YAHUKA, HIHDOH & KALI RIVERS, ug/1 
YAMUliA HIHDON 1 • KALI 
ELEMENT NAZIRA8AD I TO OKHLA MATHURA (ij/S) MATHl/RA (D/S) 6KAZIA8AD 
» 
: ALIGARH 
Jun. Oct. Jun. Oct. Jun. Oct. Jun. Oct. Jun. Oct. Jun. Oct. 
1 
1 Jun. Oct. 
Cadsluii 1.8 2.5 2.1 11.3 1.9 
1 
11.9 ; ! 3.1 4.4 3.1 16.9 1.9 17.0 
1 
! 1.6 3.2 
Cobalt 10.0 8.6 12.2 43.5 14.9 48.8 1 
........ ' 
1 
19.1 14.4 20.7 65.2 10.0 60.4 
1 i 
: 14.4 
f 
1 
11.9 1 
Chrogiue 71.9 3.9 140.1 29.7 52.6 
1 
1 
46.4 ; 96.9 2.9 152.0 30.3 98.9 23.7 
f 
1 
! 82.5 
1 
1 
21.0 1 
Copper 11.8 10.9 15.1 12.9 10.1 
f 
1 
26.4 ! 
^ 1 
15.8 11.8 9.5 25.1 10.3 17.9 
f 
1 
i 5.8 
1 
! 
1 
7.6 i 
1 
Iron 456.0 1123.0 350.9 1212.0 357.8 
1 
1 
1 
2896.0 ! 338.4 1892.0 1667.0 1358.0 370.1 1506.0 
I 
1 
12365.0 
1 
t 
1020.0 1 
Manganese 9.5 19.8 10.9 99.6 47.6 
f 
t 
418.0 1 19.0 45.9 26.0 31.5 40.1 116.9 
J 
; 29.5 
1 
408.0 ! 
1 
Nickel 42.7 41.2 44.6 107.2 42.7 
1 
1 
115.2 ! 37.4 45.7 42.2 122.3 30.6 110.2 
t 
1 
1 32.5 
1 
132.3 1 
Lead 9.3 36.0 7.0 40.2 18.6 
f 
1 
26.2 ! 30.8 26.8 26.3 142.0 6.1 169.0 i 
1 
I 15.0 
1 
21.8 i 
^ J 
Zinc 47.2 46.9 78.9 55.8 81.0 
1 
f 
258.0 1 97.3 47.8 208.0 61.3 53.0 
1 
53.3 I 
[ 
1 68.0 
1 
27.9 ! 
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around Delhi., Ghaziabad and Mathura. Lead poisoning is a major 
source of brain damage, mental deficiency and serious behavioral 
problem [39]. 
The concentration of zinc was found lowest (46.9 ug/1) at 
Wazirabad and highest (258,0 u g / 1 ) at O k h l a , The zinc level 
observed in all the rivers are much higher than the world's mean 
stream concentration of 20 ug/1 [38]. The level of chromium 
during the dry periods exceeded the stream standard for tropical 
countries of 50.0 ug/1 [40]. 
The levels of iron and manganese ranged between 370.0-2896.0 
and 9.5-418.0 ug/1, respectively. Ferric iron tends to form 
complexes with natural water organics. These organics and iron 
become colloidal in character [41]. Elevated levels of manganese 
in drinking water are considered undesirable, because when water 
is exposed to air, Mn(II) is oxidized to M n ( I V ) . This M n ( I V ) 
precipitate can stain household u t e n s i l s and clothes and may 
impart a metallic, bitter, astringent or medicinal taste to the 
water. The elevated levels of iron and manganese might be due to 
the discharge of wastewaters from various ferrous industries into 
the surface water. 
Comparison with maximum permissible levels 
The concentrations of Co, Ni, Cu and Zn in the water samples 
were found within the prescribed limits for drinking water 
quality [33], whereas the levels of Cr (summer), Fe, Cd (Okhla, 
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Mathura D/S and Ghaziabad), Mn fOkhla and A l i g a r h ) and Pb 
(Mathura D/S and Ghaziabad) exceeded the limits. The river water 
is suitable for irrigation for continuous or short-term use as 
its metal content is lower than the recommended dose (Cu = 200 
ug/1, Cd = 5 ug/1 for continuous use; and Cu = 500 ug/1, Cd = 50 
ug/1 for short-term use) [42]. The recommended level for Pb is 
5.0 mg/1. 
Comparison with other rivers 
The Table 4.3 compares the level of heavy' metals (Cd, Cr, 
Cu, Mn, Pb, 2n) in water of the Yamuna river with the polluted 
Maume and Cuyahog rivers and the unpolluted St. Mary's river of 
the United States. The concentrations of heavy metals in the 
Ganges river water of India have also been c i t e d . Our study 
s h o w e d t h a t the C d , C r , M n , Pb and Zn c o n c e n t r a t i o n s are 
comparably higher than the polluted Ganges river whereas Cu is 
comparable. The concentrations of Cr, Mn and Pb are higher than 
the polluted rivers of United States w h e r e a s Cu and Zn are 
comparable and Cd is lower. Rivers Kali and Hindon also follow 
similar trend with a few exceptions. 
4.3.2 Sediments 
The low levels of heavy metals in the water of the river as 
c o m p a r e d to t h o s e of s e d i m e n t s w e r e in a c c o r d a n c e to the 
expectations as the pH of the river water was found to be 
alkaline throughout (Table 4.1). 
T h e r e w a s c o n s i d e r a b l e v a r i a t i o n of h e a v y metal 
TftflLE 4 . 3 : COHCEHTRftTIOMS OF HEAVY HETALS IN HATER OF DIFFEREHT RIVERS 
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Rivers 
Cd Cr 
Elesents (ug/l) 
Cu «n Pb 2n 
References 
Mause 6-15 5-39 1.6-16 16-56 10-96 f43l 
Cuyahog 6-120 1-8 6-14 4.5-9.0 26-30 54-1184 
St. Mary's 1-7 2-28 0.3-4.0 3-7 2-406 
Ganges ND-0.53 3.2-56.6 NO-27.6 35.0-93.0 ND-2.22 7.37-67.4 (441 
YaiJuna 1.8-16.9 3.9-152.0 9.5-26.4 9.5-418.0 7.0-142.0 46.9-258.0 Present study 
Hindon 1.9-17.0 23.7-98.9 10.3-17.9 40.1-116.9 6.1-169.0 53.0-53.3 
Kali 1.6-3.2 21.0-82.5 5.8-7.6 29.5-408.0 15.0-21.8 27.9-68.0 
- not detectable. 
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concentrations in the surface water samples of the r i v e r s . 
Therefore, the bottom sediments of the water column play an 
important role in the pollution of the river systems by heavy 
metals [451. They reflect the current quality of the water system 
and can be used to detect the presence of contaminants which do 
not remain soluble after discharge into surface waters. Moreover, 
sediments act as the carriers and possible sources of pollution 
because heavy metals are not permanently fixed by them and can be 
released back to the water column by changes in environmental 
conditions such as pH, redox potential or the presence of organic 
chelators, etc. [451. Therefore, analysis of heavy metals in 
sediments can be used to detect pollution that could escape water 
analysis, and also provides information about the critical sites 
of water system under consideration [46]. 
The maximum level of Cd, Co and Ni was detected in the 
sediments collected at Mathura D/S. The Cr, Cu, Fe, Mn, Pb and Zn 
concentrations were found to be maximum at Okhla. Table 4.4 shows 
the heavy metal contents and the physico-chemical characteristies 
of the sediments. The pH was found to be alkaline (pH 7.50-7.95) 
throughout the stretch. It contained 2.8-5.3^ CaCOg which is an 
appreciable amount. The conditions for CaCOg precipitation have 
been studied [47]. If an alkaline water body comes into contact 
with and gets mixed in the river water with normal Ca"*"^  and HCOg" 
l e v e l s u n d e r n e u t r a l pH c o n d i t i o n s , the pH will i n c r e a s e . 
Consequently, the solubility p r o d u c t of CaCOg is d r a s t i c a l l y 
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TABLE : H M Y T «ETAL AMD PHTSICO-CHEKICAL AIALYSIS Of SEDIHEHTS Of YAHUHA, HMDOK & KALI RIVERS 
ELEMENT 
YAMUNA > HINDQN KALI 
HAZIfiABAD ! no ! OKHLA 
1 1 
MATHURA (U/S) 1 HATHURA (D/S) 
I 
GHAZIABAD ALIGARH 
1 ! 
Jun. Oct. 1 Jun. Oct. ! Jun. Oct. 
1 1 
J1- n, Oct. 1 Jun. Oct. Jun. Oct. Jun. Oct. 1 
CadaiuB 
t 1 
1 1 
1.60 1.62! 1.58 1.60! 1.64 1.60 
1 
1 
1.68 1.68! 1.74 1.82 0.96 1.20 
1 
1 
1.06 1.22! 
Cobalt 
1 1 
1 1 
1 1 
14.30 19.62! 17.20 22.06! 24.50 19.94 
1 ..1 
1 
18.90 20.20! 21.80 26.50 11.20 15.56 
t 
I 
1 
14.08 18.52! 
Chroisiufl 
t ( 
1 1 
74.50 42.32,' 152.02 47.44! 181.96 49.84 
1 1 
» 1 
98.34 45.65! 109.50 41.44 
... • ... . . 
102.50 35.82 
1 
1 
101.82 33.361 
Copper 
1 1 
1 1 
15.82 7.40! 18.74 8.68i 22.00 12.40 
1 
J 
16.30 10.60! 19.04 12.68 6.60 4.00 
1 
1 
9.02 5.70! 
Iron 
1 
1 1 
2080.0 8574.0 !7840.0 13710.0!12940.0 50620.0 
1 
1 
8020.0 39980.0 !11240.0 45100.0 6972.0 27280.0 
1 
1 
1 
12080.0 14342.0! 
Manganese 
f f 
1 1 
! ! 
107.00 468.00! 148.00 694.00! 195.00 776.00 
.. 1 
122.00 494.00! 162.00 772.00 202.00 645.40 
1 
284.00 748.00! 
1 
Nickel 
> ! 
1 1 
85.40 260.20! 236.00 352.20! 262.80 356.00 
1 
1 
254.20 375.00! 328.00 406.00 98.20 214.40 
t 
1 
136.00 264.40! 
- --- 1 
Lead 
1 ! 
1 1 
t > 
21.76 59.88! 19.50 62.32| 48.80 80.16 
1 
32.80 59.56! 50.36 60.84 22.92 54.20 
1 
39.10 57.96! 
.. ' 
Zinc 
1 1 
1 1 
57.40 106.80! 89.00 155.20! 101.80 171.40 106.20 159.00! 120.60 492.00 112.00 124.00 
t 
94.60 71.80! 
PH 
1 1 
1 1 
7.40 7.60! 7.60 7.55! 7.70 7.90 
1 
7.60 7.80! 7.70 7.95 7.65 7.85 
1 
7.80 7.85! 
t 
X CaCOj 
1 1 
3.4 3.3 ! 3.8 4.4 ! 4.8 5.3 
1 
3.6 3.2 I 4.4 4.9 2.8 3.7 
i 
t 
4.0 4.2 ! 
. I 
\ Organic 
Batter 
1 • 
} 1 
0.14 0.14! 0.48 0.591 0.48 0.69 
1 
1 
0.32 0.30! 0.43 0.45 0.20 0.19 
1 
0.27 0.29! 
All the values are expressed in ug/g. dry weight, exceot 
pH, CaCOj {%) and organic matter {%). 
129 
reduced and CaCOg is precipitated in the mixing zone, carrying 
heavy metals from the solution a l o n g w i t h it. The heavy metal 
carbonates of low solubility are completely eliminated from the 
solution as a result of CaCOg precipitation [48] and mixing of 
normal river water with alkaline industrial effluents [491. The 
high concentrations of Cr, Fe, Mn, Ni, Pb and Zn in the sediments 
of the rivers in this study as compared to their concentrations 
in water may be due to precipitation of these m e t a l s with 
carbonates. 
Higher concentrations of organic m a t t e r were detected at 
Okhla and Mathura D/S which may be due to the discharge of sewage 
and industrial wastewater of organic nature from the cities. In 
Kali Nadi too, the organic matter is found in high concentration. 
The a t t r a c t i v e f o r c e s b e t w e e n the m e t a l ions and s o l u b l e , 
colloidal and particulate organic material may be weak, leaving 
the ions e a s i l y r e p l a c e a b l e or s t r o n g w h i c h are not 
distinguishable from the chemical bonds as in metal chelation by 
organic material [501. It has been reported that the accumulation 
of metals in sediments of different rivers were controlled mainly 
by organic matter [51-531, It has also been found that Cu is 
preferentially sorbed (53%), Zn (21%), Ni (14%), Co (8%) and Mn 
(4%) on the organic material [54], In this study, it seems quite 
possible that the metals might have interacted with the organic 
matter in the aqueous phase and got settled down resulting in 
high concentration in the sediments. 
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The concentrations of iron and manganese in the sediments 
were found in the range 2080.0-50620.0 and 107.0-776.0 ug/g, 
respectively. The high value may be due to sewage and industrial 
wastewaters being discharged into the river. The river water 
studied was found to be alkaline in nature and under alkaline 
conditions, iron hydrolyses and forms insoluble hydroxide [55] 
which settles down onto the sediments of the river. The hydroxide 
and oxides of iron and manganese constitute significant sinks of 
heavy metals in the aquatic system [56]. The elevated level of 
metals detected in our study may also be due to precipitation 
alongwith hydroxides and oxides of iron and manganese. 
Comparison with other rivers 
The levels of Cu and Zn in the sediments of all the three 
rivers studied are comparable but Cd and Pb exceeded the World's 
sea sediment concentrations of Cd 0.3, Cu 0-192, Pb 20, and Zn 2-
1000 ug/g [57]. The Table 4.5 compares the levels of heavy metals 
of the Yamuna river sediments with those of other rivers cited in 
literature. The levels of Cr, Mn and Pb are comparably higher 
than the levels in Ganges river, India, whereas Zn and Cd is 
comparable while Cu is lower. The ranges of Cd, Cr, Cu, Mn, Pb 
and Zn are comparable with Msimbazi and Chao Phraya rivers but 
are not significant compared to Lagan r i v e r . R i v e r s Kali and 
Hindon also follow similar trends. 
TABLE 4 . 5 : COHCEMTRATIOHS OF HEAVY HETALS IH SEOIMEHTS OF VARIOUS RIVERS 
Rivers 
Cd Cr 
Eleaents (ug/g) 
Cu Mn Pb In 
References 
Hsimbazi 0.9 12 14 130 79 [581 
Lagan 20-215 25-1050 198-1150 26-3825 250-5300 (591 
Chao Phraya 0.5-5.4 ND-47.5 3.3-37.5 50-195 0.08-1.8 (371 
Ganges NO-3.5 9.0-83.2 11.3-95.0 110.5-428.2 0.65-16.4 72.0-418.6 [441 
Yaiuna 1.6-1.8 41.4-181.9 7.4-22.0 107.0-776.0 19.5-80.1 57.4-492.0 Present study 
Hindon 0.96-1.2 35.8-102.5 4.0-6.6 202.0-645.4 22.9-54.2 112.0-124.0 
Kali 1.06-1.2 33.3-101.8 5.7-9.0 284.0-748.0 39.1-57.9 71.8-94.6 
ND - not detectable. 
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4.4 CONCLUSION 
On the basis of these data, it has been observed that the 
water quality at Wazirabad is comparatively better than that of 
the other stations downstream. The river Yamuna entering into 
Delhi at Wazirabad is being polluted downstream due to input of 
sewage and industrial wastes from the cities of Delhi and 
Mathura. The health implications of pollution of the water in the 
rivers are very important because about 3056 of the population 
depends on the untreated water for drinking w a t e r , and other 
domestic uses. The data available indicates that the water is not 
suitable at all for drinking purpose without proper treatment. 
It's use for irrigation is suitable interms of its chemical 
parameters and metals like Pb, Cu and Cd. 
Sediments may be used as a good indicator of heavy metal 
pollution in river. In general, the concentration of Cr, Fe, Mn, 
Ni, Pb and Zn in sediments tends to increase as the concentration 
of the corresponding metal increases in w a t e r . The levels of 
heavy metals in sediment increase with increase in X CaCOg and 
o r g a n i c m a t t e r w i t h a few e x c e p t i o n s i n d i c a t i n g t h a t 
sedimentation of. heavy metals occurred through these parameters. 
Therefore, the Yamuna river from Delhi to M a t h u r a ; Hindon at 
Ghaziabad and Kali at Aligarh, are grossly polluted and is 
comparable to the polluted rivers of the globe. 
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Chapter 5 
GAS CHROMATOGRAPHY-MASS SPECTROMETRIC ANALYSIS OF FOUR POLLUTED 
RIVER WATER FOR PHENOLIC AND ORGANIC COMPOUNDS 
5.1 INTRODUCTION 
Phenolic compounds, aside from those occurring naturally, 
r e p r e s e n t a c l a s s of u n d e s i r a b l e c o m p o u n d s in a q u a t i c 
environments. Chlorination of w a t e r s c o n t a i n i n g phenol may 
produce odoriferous and objectionable taste. Chlorophenols, which 
may include 2-chlorophenol, 4-chlorophenol, 2,4-dichlorophenol, 
2,6-dichlorophenol and 2,4,6-trichlorophenol. Chlorophenols, are 
also used as biocides. 
The major sources of widespread phenol, chlorophenols and 
b r o m o p h e n o l s in w a t e r h a v e p r o b a b l y been the i n d u s t r i a l 
effluents, agriculture runoff, chlorination of wastewater prior 
to discharge in the waterways and transformation products from 
natural and synthetic chemicals [11. The health risks resulting 
from phenols and chlorophenols have not been e s t a b l i s h e d , 
however, they are known to cause taste and odour p r o b l e m s in 
drinking water [2] even at trace l e v e l s . Phenols have been 
reported in Canadian drinking water [31. Impacts on the purity of 
ground and city drinking water by phenols have been studied [41. 
The contamination of groundwater by p h e n o l s have also been 
reported [5]. 
The concentrations of phenolic compounds in natural waters 
vary to some degree, but on the whole they are present at the 
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ug/1 level [6-91, The studies have shown the concentration levels 
of 3.0-16.0 ug/1 of phenolic compounds in the Ohio river in 1959 
[61, 4.0-20.0 ug/1 in the Danube river [7], mean values of 2.0-
24.2 ug/1 in the St. Lawrence river at Montreal [8], and values 
averaging 1.0-32.0 ug/1 in the Delaware in 1974-75 [9]. 
An evaluation of the water quality of the lower Mississippi 
river showed that the average concentration of phenols in the 
river water was 2.0 ug/1 in 1973-77 which eventually increased to 
2.2 ug/1 in 1978-81 [101. 
Phenol was rapidly detected in river water by distillation, 
b r o m i n a t i o n of the d i s t i l l a t e , e x t r a c t i o n of the 2 , 4 , 6 -
tribromophenol formed into hexane and analyzed by electron-
capture gas chromatography. The detection limit was 0.10 ug/1, 
and the total standard deviation found was 0.06 ug/1 at 0.60 ug 
phenol/1 river water [11]. Phenols were detected in water samples 
f r o m C a r o n i r i v e r , T r i n i d a d , by p r o c e d u r e s b a s e d on XAD 
extraction followed by GC/MS analysis [12]. The factories of an 
industrial complex located upstream of the Caroni/Arena water 
treatment plant may be the major source o f the pollutants. 
The chlorophenol s have been determined in the surface 
microlayer, subsurface water, suspended solids, sediments and 
sediment pore water at 20 sampling stations in the Detroit river 
[13]. The results indicate a continuing input of the contaminants 
to the river particularly from sewage treatment plant effluents 
and several tributaries which enter the river mainly from the 
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eastern shore. 
The formation of bromophenols in Barcelona's tap water was 
due to daily salt mine-discharge and occassional phenol spills 
[14]. The chlorination of the s o u r c e , i.e., the river water 
containing Br~ and PhOH formed a m i x t u r e of c h l o r i n a t e d and 
brominated phenols at Cl/PhOH ratio of <4:1 and the concentration 
of brominated phenols was maximum at the ratio of 4:1. 
The concentration of phenols varied from 0.024 to 0.350 mg/1 
in the upper Odra river and it was related to the seasonal 
pollution by industry. The phenol content (0.250-1.250 mg/kg) in 
the muscle tissue of roach from the river did not show any 
serious health hazard apart from the unpleasant taste in their 
f l e s h [ 1 5 ] . T h e r e h a v e been s e v e r a l s t u d i e s s h o w i n g the 
accumulation of phenols in fish [16-171. 
Phenol pollution of Ufa river, U S S R , resulting from an 
emergency discharge of PhOH-containing industrial wastewater to 
one of the river's tributaries, rendered the water unpalatable 
due to the formation of chlorophenol during the chlorination of 
water sterilization [18]. The maximum concentration of PhOH in 
drinking water found was 0.065 mg/1 which was much below the 
toxic level (4 mg/1). 
The b i o d e g r a d a t i o n , p h o t o l y s i s and a b s o r p t i o n of 
pentachlorophenol (PCP) in outdoor aquatic e n v i r o n m e n t s were 
examined with man-made channels [19]. Photolysis of PCP was found 
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to be rapid at the water surface, but greatly attenuated with 
depth. The absorption of PCP by s e d i m e n t and u p t a k e by biota 
accounted for <15^ and probably <5% in unacclimated water. The 
microbial degradation of PCP became the primary mechanism of PCP 
removal accounting for a 26-46^ and photolysis 5-28% decline in 
initial PCP concentration. 
The standard methods for the analysis of phenols in water 
and wastewater are steam distillation [201, spectrophotometric 
[21], condensation reaction of 4 - a m i n o a n t i p y r i n e (4 A A P ) , 
capillary gas chromatographic method [22],high resolution liquid 
chromatographic techniques [23] and gas chromatography (ECD) mass 
s p e c t r o m e t r y d e t e r m i n a t i o n s [ 2 4 ] . S e v e r a l d e r i v a t i z a t i o n 
p r o c e d u r e s h a v e a l s o been r e p o r t e d [ 2 5 - 2 8 ] to i m p r o v e the 
sensitivity, specific detection in ECD and to overcome problems 
of i n s t a b i l i t y and t r a i l i n g of u n d e r i v a t i z e d p h e n o l s in 
chromatographic system. 
The physico-chemical and the heavy metal pollution studies 
of the rivers Ganga, Yamuna, Hindon and Kali have been carried 
out in these laboratories during the eighties [29-31]. The levels 
of o t h e r p o l l u t a n t s like p h e n o l s , c h 1 o r o p h e n o 1 s and 
organochlorine compounds have,however, not been evaluated. It has 
been shown [32] that 40^ of the pollution in Ganges river is due 
to sewage discharges and 135^ due to chemical wastes released from 
the factories only. The chemicals, however, accounted for 50^ of 
the pollution of the Ganga river. 
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During 1988-89, forty-four water samples c o l l e c t e d from 
rivers Ganges, Yamuna, Hindon and Kali once in each of four 
seasons (spring, summer, winter and postmonsoon) were screened 
for the presence of phenols, chlorophenols and organic compounds. 
The gas chromatography coupled with mass spectrometry (GC-MS) 
techniques due to its high sensitivity was used in these studies. 
A review of literature has revealed that no such work has been 
reported as yet. 
5.2 EXPERIMENTAL 
5.2.1 Study Area 
The Yamuna river flows through a distance of 1000 km before 
its confluence in the river G a n g e s . The p r e s e n t study covers 
about 160 km of the Yamuna from Delhi to Mathura. Three sampling 
stations selected at Delhi, were Wazirabad, ITO and Okhla and two 
stations at Mathura were Mathura U/S and Mathura D/S. The Ganga, 
which is a fast flowing river, t r a v e l s about 2525 km from 
Gangotri to the Bay of Bengal where it merges into Ganga sagar. 
Four sampling stations namely N a r o r a , K a c h h l a , Fatehgarh and 
Kannauj were chosen stretching about 236 km. The river is 
considered to be relatively less polluted in this stretch due to 
comparatively small cities and less industrial establishments in 
this area. Only one sampling point each of rivers Hindon and Kali 
was selected at Ghaziabad and Aligarh, respectively. The sampling 
sites of all of these rivers have been shown in Fig. 5.1. 
5.2.2 Collection and Preservation of Samples 
Vide Chapter 2 (section 2.2) 
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5.2.3 Sample Extraction 
Vide Chapter 2 (section 2.7). 
5.2.4 GC/MS Operating Conditions 
Vide Chapter 2 (section 2.8). 
5.2.5 Chemicals and Glasswares 
Vide Chapter 2 (section 2.9). 
5.2.6 Recovery Studies 
The recovery studies (Table 5.1) of the trichlorophenol and 
p e n t a c h l o r o p h e n o l w e r e c a r r i e d o u t in o r d e r to a s c e r t a i n 
extraction quantity as follows : to 1.0 L HPLC grade water spike 
99.1 and 102 ug trichlorophenol and pentach 1 orophenol and 
extracted as per USEPA method No. 625. 
5.3 RESULTS AND DISCUSSION 
The levels of phenols, chlorophenols and bromophenols, etc., 
selected to monitor phenolic pollution at some selected sites of 
four north India's major rivers (Ganges, Yamuna, Hindon and Kali) 
are tabulated in Table 5.2 (A & B). Gas c h r o m a t o g r a p h y - M a s s 
spectrometry (GC-MS) was the technique chosen for this survey 
because of their sensitivity and ability to identify even unknown 
compounds encountered during analysis. Only two compounds out of 
nine, 2,4,6-trichlorophenol and 2,3,4,5,6 pentachlorophenol were 
chosen for the recovery studies. The recovery of trichlorophenol 
was found above 53$«, however, pentachlorophenol showed greater 
recovery due to interference. The recovery of pentachlorophenol 
TABLE 5.1 : RECOVERY STUDIES OF TRICHLORO AND PENTACHLOROPHEHOL 
Quantity Recovered Quantity X Recovery \ % 
lug! Avg. RSO 
Spiked I II III IV I II III IV 
2,4,6-Trichloro- 99.1 72.46 19.40 50.05 38.73 73.10 49.00 50.50 38.70 53.10 27.00 
phenol 
Pentachloro- 102.0 130.8 138.4 192.0 153.3 128.0 135.0 188.0 150.0 153.0 17.0 
phenol 
TABLE 5.2A : MAXIMUM LEVELS (ug/1) OF PHENOLS AND CHLOROPHENOLS 
DETECTED IN GANGES RIVER BY GC-MS. 
Stations 
Narora Kachhla Fatehgarh Kannauj 
Phenol ND ND ND ND 
2,4-Dichlorophenol ND ND ND ND 
2.3-dichlorophenol 0.40 ND ND ND 
4-chlorophenol 1.68 ND ND 3.79 
4-bromophenol ND ND ND ND 
2.4-dibromophenol ND 0.54 0.64 40.3 
2,4,6-trichlorophenol 0.62 ND 0.28 24.46 
2,6-dibromophenol 2.46 2.99 ND 2.35 
Pentachlorophenol ND 2.28 8.79 1.39 
ND = Not Det ec t ed 
TABLE 5.2B : MAXIMUM LEVELS (uq/1) OF PHENOLS AND CHLOWM^EMOLS 
DETECTED IN YAMUNA. HINDON AND KALI RIVERS BY QC-MS. 
Stations 
Yamuna Hindon 
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Kali 
Wazlrabad ITO Okh1a Mathura Mathura Qhazlabad Aliqarh 
U/S D/S 
Phono! NO ND NO 
2.4-d1ch1orophenol ND ND ND 
2.3-dich1orophenol ND ND ND 
4-chlorophenol ND ND ND 
4-bromophonol ND ND ND 
2.4-d1brofliophenol ND ND ND 
2.4.6-tr1ch1oroph®no1 ND 0.72 ND 
2.6-d1bromophenol ND ND ND 
Pantachlorophonol ND ND 1.45 
ND 
ND 
ND 
ND 
ND 
37,23 
ND 
ND 
ND 
ND 
7.21 
0.56 
7.28 
ND 
ND 
0.63 
3.30 
0.97 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
1A6 
has been reported between 50-70^ [33] whereas the recoveries of 
phenols vary in different experiments [34]. 
A typical computerized reconstructed ion chromatogram of 
these phenols for which the water samples were analyzed is shown 
in Fig. 5.2. It could be seen that the behaviour in respect of 
peak shapes and separation of the phenols on HP1 column is very 
good. Figures 5.3 (a & b) and 5.4 (a & b) show the reconstructed 
ion chromatogram during winter and spring, respectively. 
The presence of phenols could not be detected in any of the 
samples collected from Hindon and Kali r i v e r s , h o w e v e r , 2,4-
dichlorophenol was detected only at Mathura downstream (Yamuna), 
2,3-dichlorophenol was detected at Narora (0.40 ug/1) in Ganges 
river and at Mathura downstream (0.56 ug/1) of the Yamuna river, 
"similarly 4-chlorophenol was detected at the same sites and also 
at Kannauj. The monobromo derivative of phenol was found absent 
throughout the sampling stretch, whereas dibromophenol was found 
present in three samples of the Ganges water and in two samples 
of Yamuna water. The trichlorophenol was frequently detected in 
Yamuna and Ganga water samples. Pentachlorophenol was detected at 
three sampling points of river Ganges and in two samples of 
Yamuna water. 
In view of phenol contamination, Kannauj was found to be the 
most polluted point of the Ganges river and Mathura downstream of 
the Yamuna river. The contamination of river Ganges by phenolic 
compounds may most probably be due to the discharge of domestic 
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s e w a g e into it and a l s o a g r i c u l t u r a l r u n o f f as it is an 
agricultural belt where pesticides are extensively used for the 
crop protection. The area is devoid of any industrial source of 
phenolic compounds. The frequent detection of phenol derivatives 
at Mathura downstream was most probably due to d i s c h a r g e of 
effluent from Mathura refinery just about 1 km before the 
sampling point into the Yamuna river. It has been found that the 
photodegradation of phenols in refinery effluents even after 8 
days exposure for 6 hours per day was only 3 6 . [ 3 5 ] . 
Phenolic compounds were not detected at most of the sampling 
stations which may probably be due to these c o m p o u n d s being 
incorporated with the sediments. It has been reported that 
chlorophenolic compounds can be bound to natural matrixes-
particularly sediments [36]. 
The samples of river Ganges were run, alternately, for the 
total extractable organics in scan mode in order to monitor 
organic pollution other than phenols. The extractable organics 
found in Ganges river during this survey have been summarized in 
the Table 5.3. It may be assumed from these results that the 
river is organically polluted with cyclohexanes. Since this river 
passes through agricultural area of northern India and large 
quantities of cyclic pesticides, insecticides and herbicides are 
widely used to protect crop from pests, it is most likely that 
these compounds have entered as water runoff and present as a 
photo-geothermal degradation byproducts of these pesticides. 
TABLE 5.3 : EXTRACTABLE ORGANICS IDENTIFIED BY QC-H3 IN 
QANQES RIVER FOUR TIMES DURING 198B-B9. 
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S.No. Conpound Name 
Harora 
D/ND F 
Stations 
Kachhla Fatehgarh Kannauj 
D/ND F D/ND F D/ND F 
1. 3-Hexano1 D 2 D 2 D 4 D 1 
2. Cyclohexane, (3-methy1 pentyl) ND 0 0 3 ND 0 ND 0 
3. Cyclohexane pentyl D 2 ND 0 ND 0 ND 0 
Cyclohexanol. 3-methyl ND 0 0 2 ND 0 ND 0 
5. Cyclohexanol. 5-Bethyl-2-
(1-methyl ethyl) 
D 4 D 1 ND 0 0 3 
6. Cyclohexene-1-methanol D 2 D 2 D 3 0 2 
7. Cyclohexanone, 4-methyl D 2 ND 0 ND 0 D 4 
8. Hexanol 3,5.5-trlBethyl ND 0 ND 0 D 2 D 3 
9. Got r1acontanto1 ND 0 ND 0 0 3 D 1 • 
10. Cyclohexane, (1.1-d1methyl ethvl) ND 0 ND 0 D 1 ND 0 
11, Cyclohexadiene-1.4 dione, 
2,6 bia 
NO 0 ND 0 0 3 0 1 
12. Pentanolc acid. 2-hvdroxy-4-methvl ND 0 NO 0 ND 0 D 2 
13. Phenol, 2.6-bl8 {1.1-dimethyl 
ethvl)-4-methvl 
0 3 D 2 D 3 D 1 
14, Propanoic acid. 2,2-dlBOthyl D 2 D 1 ND 0 D 1 
15. Benzene dicartooxyllc acid, methyl D 3 D 4 D 2 D 2 
16. Benzene dicarboxvllc a d d , 
butyl methyl 
D 3 D 4 ND 0 ND 0 
17. Benzene dicarboxyllc acid, 
dipleptyl 
ND 0 ND 0 D 2 D 2 
D = Detected; ND = Not Detected; F = Frequency of Detection. 
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A methylated phenolic compound 2,6-bis (1,1-dimethyl ethyl) 
4-methyl phenol was detected very frequently at all the sampling 
sites. The quantification of the extractable compounds was not 
p o s s i b l e d u e to t h e a b s e n c e of s t a n d a r d s . M a n y r e g u l a t o r y 
organizations have imposed maximum c o n c e n t r a t i o n of p h e n o l i c 
derivatives individually and in c o m b i n e d form due to their 
organoleptic properties, however, the guideline setups are always 
incoherent. For example, Canadian D r i n k i n g W a t e r Q u a l i t y [3] 
recommends a maximum acceptable limit of 2.0 ug/1 for phenols 
which is roughly five times less than WHO recommendation of 10.0 
ug/1 [37]. 
The frequency of phthalate ester (Benzene dicarboxylic acid 
diethyl) was found highest among the three detected esters. A 
very scanty data is available in literature on the toxicity of 
phthalates in mammals. A very high doze of 4.2 mg/kg has been set 
for bis (2-ethyl hexyl ) phthalate [38]. Depending upon toxicity 
r e p o r t s [39] and p e a k r e s p o n s e s of p h t h a l a t e s in t h e 
chromatograms, it could be safely a s s u m e d t h a t all the river 
waters are safe if used for drinking purposes from phthalates 
point of view. 
5.4 CONCLUSIONS 
On the b a s i s of the d a t a a v a i l a b l e , the f o l l o w i n g 
conclusions can be drawn : 
1) Phenol was found to be absent in all the a n a l y z e d 
samples. Trichlorophenols and p e n t a c h 1 o r o p h e n o 1 s , 
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suspected of causing a variety of cancer [40], were 
frequently detected and at times above the permissible 
l i m i t s for d r i n k i n g w a t e r s t a n d a r d s [ 3 7 ] . The 
c h 1 o r o p h e n o 1 s d e t e c t e d w e r e w i t h i n the raw w a t e r 
s t a n d a r d s and s o m e e x c e e d e d the o d o u r and t a s t e 
threshold limits [37]. 
2) Ganges river was polluted most at Kannauj, followed by 
Narora, Kachhla and Fatehgarh. The maximum levels of 
phenols were found at Mathura d o w n s t r e a m of river 
I 
Yamuna, followed by Mathura upstream, Okhla, ITO and 
none at Wazirabad. No phenols were d e t e c t e d in the 
waters of rivers Hindon and Kali at G h a z i a b a d and 
Aligarh, respectively. 
3) Domestic wastewater and Agricultural runoff seems to be 
the source of these phenolic compounds in the Ganges 
river in absence of industrial sources of phenols. In 
a d d i t i o n to t h e s e s o u r c e s , the r e f i n e r y e f f l u e n t 
discharged into the Yamuna seems to be responsible for 
the f r e q u e n t o c c u r r e n c e of p h e n o l i c c o m p o u n d s at 
Mathura downstream. Municipal sewage and industrial 
effluents discharged into the Yamuna is most probably 
the source of phenolics detected around Delhi region. 
4) For drinking water supply, where high phenol levels are 
present in the raw water, these should be reduced as 
far as possible before the chlorination. 
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Chapter 6 
ORGANOCHLORINE PESTICIDES AND POLYCYCLIC AROMATIC HYDROCARBONS IN 
THE SEDIMENTS OF RIVER GANGES (Narora to Kannauj) 
6.1 INTRODUCTION 
Organochlorine (OC) insecticides have been extensively used 
in India since 1954 in agriculture as well as p u b l i c h e a l t h 
sectors T H . The use of OCs which are forbidden or restricted in 
most of the developed countries are still being used in India. 
The major factors responsible for the detrimental effects on the 
environment from the use of these chemicals are that they are 
persistent, extremely toxic, used more as a preventive measure 
rather than as a cure in controlling insects and some of them 
were found to biomagnify in aquatic organisms [2]. They are lipid 
soluble toxic organic chemicals and their accumulation in low 
concentration in the body fat of mammals may pose health problems 
in the long run [3]. It has been reported t h a t m o s t I n d i a n s 
accumulate about 26 mg/1 DDT in their body through food items 
[4]. Polycyclic aromatic h y d r o c a r b o n s (PAH) are f o r m e d as a 
result of incomplete combustion of organic compounds but may also 
be synthesized by some bacteria, algae and plants [5,6]. PAHs are 
on the USEPA and the EC priority pollutant list since some PAHs 
are known or suspected carcinogens/mutagens. In natural waters, 
PAHs may be present in three major f o r m s , d i s s o l v e d in true 
solution; solubilized as micelles; and adsorbed or occluded by 
inorganic or organic suspended particles [7]. They are known to 
be s t r o n g l y a d s o r b e d on s e d i m e n t c l a y s [8] w h i l e t h e i r 
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degradation in sediments also occurs [91. 
Although extensive monitoring work has been carried out on 
t h e d i s t r i b u t i o n of p e s t i c i d e s and o r g a n i c s in d e v e l o p e d 
countries which have confirmed their ubiquitous presence but only 
few reports in the literature are available from India. 
Organochlorines and polycyclic a r o m a t i c h y d r o c a r b o n s in 
surface water are known to be adsorbed with sand, sediments, clay 
and other particles. Therefore, fluvial materials which settle 
during low stream flow may contain high concentrations of these 
organic contaminants. Moreover, they are known to have low water 
s o l u b i l i t i e s . H e n c e , t h e n e e d to i n c l u d e s e d i m e n t in t h e 
determination of chlorinated pesticides and PAHs in surface water 
becomes evident. 
Mahala water reservoir of Rajasthan, India, was monitored 
[10] for OC residues from four different sites during 1985-87. A 
high variation in the concentration of p,p'DDE, p,p'DDD, p,p'DDT 
and (X, B, i-isomers of HCH, aldrin, dieldrin and heptachlor was 
attributed to subsoil water movement from catchment area during 
four different seasons. 
Hexachlorohexane was found to be more pronounced than DDT in 
water samples of Vellar river and Pichavaram mangroves, S. India, 
from December 1987 to January 1989, which may be attributed to 
the application of technical HCH largely and p r o b a b l y small 
quantities of DDT during the flowering season of rice
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The intrusion of organic p e s t i c i d e s in the ground and 
surface water from direct applications for control of aquatic 
i n s e c t s , p e r c o l a t i o n and r u n o f f f r o m a g r i c u l t u r a l l a n d s , 
discharges from industries and discharges from wastewater from 
cleanup of equipments used for pesticide applications have been 
discussed [12]. Results from survey of v a r i o u s urban w a t e r 
supplies concluded that lindane, aldrin, dieldrin, heptachlor, 
heptachlor epoxide and DDT were present usually in the sub ppm 
levels. 
The concentrations of total DDT residues detected in water 
and sediment of river Yamuna in Delhi from 1976-78 ranged between 
0.04-3.42 ug/1 and 0.07-5.63 u g / g , r e s p e c t i v e l y [ 1 3 1 . The 
concentration was found to increase s h a r p l y d o w n s t r e a m of 
W a z i r a b a d d u e to the d i s c h a r g e of a v a r i e t y of e f f l u e n t s 
including effluent from a DDT f a c t o r y , from city and n e a r b y 
industries. No significant correlation was found between total 
DDT concentration obtained in water with those found in sediments 
c o l l e c t e d f r o m the s a m e s i t e . T h e DDT r e s i d u e s and its 
degradation in soil, water and few a q u a t i c a n i m a l s in Y a m u n a 
river in Delhi have also been studied previously [14]. 
The studies on the distribution of OC p e s t i c i d e s in the 
Hooghly estuary (Ganges in Bengal) yielded no OCs in the water 
samples in the detectable range, however, particulate matter and 
sediments have been found to contain ppb levels of BHC and DDT 
residues [15]. In another study, the water samples along both the 
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banks of Hooghly about 20 km stretch (Halisahar to Jagaddal) and 
also from canals linking the Ganges were analyzed, which showed 
that the concentration of DDT varied from 0.004-0.000006 mg/1 in 
12 samples out of 35 samples [16]. 
In a typical study conducted by the Geography Department of 
A l i g a r h M u s l i m U n i v e r s i t y on the use of f e r t i l i z e r s and 
pesticides, revealed that in a selected c u l t i v a t e d area of 
126644.6 ha land of Ganges (between Narora and Kannauj) plain, 
consumed the OC pesticides 295.5 kg (aldrin 0.8 kg, BHC 129.25 
kg, DDT 123.4 kg, Endosulfan 1.9 kg, Gammaxine 40.1 kg, etc.) 
b e s i d e s o t h e r p e s t i c i d e s [ 1 7 ] . The p e s t i c i d e s u s e d in the 
agricultural fields are expected eventually to reach the river 
sediments through river water with the rainy water runoff. These 
chemicals may be found in river water and soil segments either in 
the pure form or decomposed into segments by chemical, biological 
or photochemical degradation. They are also acted upon by the 
processes such as retention, e x u d a t i o n and a c c u m u l a t i o n by 
organisms, adsorption by soil colloids and other surfaces, and 
movement in the vapour, liquid and solid state through the 
atmosphere, soil and water C18-21]. 
Several methods reported for the analysis of PAHs and OCs in 
sediments and soils are TLC [22], GC [23, 24], HPLC [24, 25], GC 
and TLC [26], GC-MS [27-29], GC-MS-Simca pattern analysis [30], 
GC-ECD [31-33], GC-FID [34], and s i m u l t a n e o u s dual capillary 
column, dual detectors, followed by GC [35]. 
163 
It has been documented that 40X of pollution in Ganges river 
was due to sewage discharge and 1 o w i n g to chemical wastes 
released from factories [36]. The chemicals accounted for 505*^  of 
the pollution. 
During 1988 sediment samples c o l l e c t e d from Ganges river 
(between Narora-Kannauj) were screened for the presence of 
organochlorine pesticides and polycyclic aromatic hydrocarbons. 
Gas chromatography- Mass spectrometry (GC-MS) was employed due to 
its sensitivity and ability to identify the compounds. Coupled 
GC-MS avoids interferences which may occur in GC by using a 
separate method (other than retention time or volume) to identify 
compounds. A review of literature has revealed that no such work 
has so far been reported for Ganges river in general and in the 
stretch under study in particular. 
6.2 EXPERIMENTAL 
6.2.1 Study Area 
The Ganges river flows through a distance of 2525 km from 
Gangotri to the Bay of Bengal. The present study of the Ganges 
from Narora to Kannauj in Uttar Pradesh covers a distance of 236 
km of the river. Four sampling stations selected were Narora, 
Kachhla, Fatehgarh and Kannauj. The river is considered to be 
relatively less polluted along this stretch due to comparative 
small urbanization and less industrial establishments in this 
area. The sampling sites chosen are the same as shown in Figure 
3.1 of Chapter 3. 
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6.2.2 Collection and Preservation of Samples 
Vide Chapter 2 (section 2.2). 
6.2.3 Sample Extraction 
Vide Chapter 2 (section 2.7). 
6.2.4 GC/MS Operating Conditions 
Vide Chapter 2 (section 2.8). 
6.2.5 Chemical and Glasswares 
Vide Chapter 2 (section 2,9), 
6.3 RESULTS AND DISCUSSION 
Fourteen organochlorine (OC) pesticides and two polycyclic 
aromatic hydrocarbons (PAHs) selected to monitor the pollution in 
the sediments of river Ganges are tabulated in Table 6.1. The 
a n a l y s i s w a s c a r r i e d o u t u s i n g G a s c h r o m a t o g r a p h y - M a s s 
spectrometry (GC-MS) technique. 
A typical computerized reconstructed ion chromatogram of OCs 
and PAHs for which the sediment samples were analysed are shown 
in Figure 6.1 (a & b) and 6.2, -respectively. The behaviour in 
respect of peak shapes and separation of the OCs and PAHs are 
very good. Figures 6.3-6.6 show the total ion chromatogram of 
organics at different sampling sites. 
From the results (Table 6.1), it can be seen that out of the 
sixteen samples analyzed, OCs and PAHs were not detected in three 
samples viz., Narora and Fatehgarh in December and Kannauj in 
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TABLE 6 . 1 : ORGAHOCHLORIHES AND POLYCYCLIC AROHATIC HYDROCARBOHS IM SEDIHEKTS OF GANGES RIVER (ug/g) IM 1988. 
Organic Coapound 
SasDlina Stations 
Narora Kachhla fatehaarh Kannaul 
Mar Jun Oct Dec Mar Jun Oct Dec nar Jun Oct Dec Mar Jun Oct Dec 
e<-8HC .002 ND HD HD .0012 HD HD HD ND HD HD ND HD HD ND ND 
0-8HC .004 HO NO NO .002 HD HD NO HD HO NO ND ND HO NO ND 
•j-8HC .002 ,004 HD HD .006 .01 .002 .002 .004 .014 .006 HD ND ND NO ND 
Endosulfan I .002 NO HO HO .002 HO .00002 HO ND HO HD NO HD HD ND ND 
Endosulfan 11 .0004 HD HO HD HD HD HD ND HD HD HO ND ND HD NO NO 
p,p'-ODT .002 NO NO NO .016 HO NO .004 ND NO HO ND NO HO HD NO 
p,p'-ODE .0016 NO NO HD NO HO NO ND HD ND HO ND NO ND HO ND 
p,p'-ODD .0004 NO NO HO .002 HO ND ND ND ND HD NO ND NO HO HD 
ftldrin .0012 .012 NO HO .002 .004 .0012 .002 .008 .002 HD NO ND .006 HO NO 
Dieldrin .002 .008 HD HD • .004 .014 .002 .002 HD ND NO HD .008 .006 ND HD 
Endrin .0004 NO HO HO NO ND ND HO HO HO ND HD ND NO NO ND 
Heptachlor .0018 HO .002 HO .0016 .008 .002 .0014 HD HD ND ND ND ND ND .006 
Heptachlor epoxide .008 .002 NO NO .016 .006 .002 .01 ND .002 ND HD .018 .002 ND ND 
Hexachlorobenzene .004 NO HO HO ..0012 .001 .0018 HO HO .002 NO NO NO HO HD NO 
Benzo(a)pyrene .008 NO NO NO HD ND ND HD HO ND ND ND HD HD ND NO 
Phenanthrene .0002 .002 NO HD .006 .004 .0012 .0176 .002 .002 .002 ND HD HD NO NO 
Organic matter 0.453 0.186 0.482 0.105 0.111 0.091 0.478 0.105 0.075 0.226 0.259 0.388 0.045 0.123 0.116 0.123 
NO- not detectable 
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October, 1988. The total OC residues along the stretch under 
s t u d y in d i f f e r e n t s e d i m e n t s a m p l e s r a n g e d b e t w e e n 0 . 0 3 8 
(Fatehgarh) and 0.12942 ug/g ( K a c h h l a ) . Of the various OCs 
detected, i - B H C , aldrin, dieldrin, h e p t a c h l o r and h e p t a c h l o r 
epoxide were frequently detected, being identified in 56.25 
(0.002-0.014 ug/g), 56.25 (0.0012-0.012 ug/g), 50.0 (0.002-0.014 
ug/g), 43.75 (0.0014-0.008 ug/g) and 53.255*$ (0.002-0.018 ug/g), 
respectively, of the samples analyzed. Phenanthrene of the PAH 
group was identified in 56.25% (0.0002-0.0176 ug/g) of the 
s a m p l e s a n a l y z e d . P A H s w e r e not d e t e c t e d at Kannau.i . 
Benzo(a)pyrene was only detected at Narora in March. Generally, 
low levels of the organic contaminants were detected. 
Since, among the Benzenehexach 1 or i de , only the ll-isomer 
(lindane) was detected more frequently, it seems quite possible 
t h a t o<-and 3 - B H C w e r e i s o m e r i z e d to the "i-isomer. This 
transformation could have been caused by bacterial activity and 
ultraviolet radiation in the water column [37] and ultimately 
sink to the sediments. ^-BHC is more resistant to biological and 
chemical degradation under aerobic conditions [381. It has been 
reported that i- and (3-isomers have very high mammalian toxicity 
[39], The c<- and B-isomers were only detected at Narora and 
Kachhla in March. 
Heptachlor epoxide was detected more often and in higher 
concentration than its parent compound. Aldrin and dieldrin were 
detected throughout the stretch with maximum concentration at 
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Kachhla. The presence of aldrin which is known to undergo 
epoxidation to form dieldrin, may be due to a local source of 
application [37], Apparently d i e l d r i n is more resistant to 
degradation than aldrin [40]. Endrin being highly degradable was 
only detected once (0.0004 ug/g). 
The DDT and its degraded residues were detected only in a 
few samples at Narora and Kachhla. Under the National Malaria 
Eradication Programme of the G o v e r n m e n t of I n d i a , DDT is now 
mainly used for vector control [1]. Nearly 855*5 of the DDT 
produced in India is used for masquito control [41]. Therefore, 
the low levels of EDDT observed could be attributed to municipal 
wastewater inflow from residential area into the river. 
I 
Endosulfan and hexachlorobenzene have been detected in low 
concentrations. As hexachlorobenzene is rarely used, its presence 
may be due to the use of pesticides containing HCB as an impurity 
[42]. It has been reported that serious fish kills due to 
endosulfan have occured in Rhine river in Europe [43]. 
It has been reported that, one of the most important factor 
affecting the adsorption of OCs [44] and PAHs [45] by sediments 
is the organic matter content. The organic matter content (Table 
6.1) observed in our study ranged between 0.045 and 0.482%. 
Although high organic matter content were found at Narora and 
Kachhla but there seem- to be no c o r r e l a t i o n between organic 
matter and the organic contaminants. Similar results have been 
observed for lindane also [46]. 
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The OCs are the dominant group of p e s t i c i d e s used for 
agriculture, but their consumption is very low and the frequency 
for vector control is also less. Narora is a recreational area. 
Narora and Kachhla are densely populated along the banks of the 
river as compared to Fatehgarh and Kannauj where the residential 
a r e a are q u i t e far a w a y . T h e r e is p o s s i b l y v e r y l i t t l e 
contribution to pesticide levels as a result of agricultural 
runoff. Atmospheric deposition is also eliminated as there is no 
aerial spraying. Therefore, in view of the organic contaminants 
detected, it is very likely that these have been introduced into 
the river through municipal w a s t e w a t e r s from the residential 
settlements. Similar observations have been made [47, 481 
earlier, where city soils were found to be higher in pesticides 
than agricultural areas in monitoring the influence of local land 
use upon water bodies. 
6.4 CONCLUSIONS 
On the b a s i s of the d a t a a v a i l a b l e , the f o l l o w i n g 
conclusions can be drawn : 
1) The OCs and PAHs were frequently detected at Kachhla 
and Narora. PAHs were undetected at Kannauj. Only a few 
OCs were detected at Fatehgarh and Kannauj. 
2) C o m p a r a t i v e l y K a c h h l a is the m o s t p o l l u t e d a r e a , 
followed by Narora and least polluted at•Fatehgarh and 
Kannauj. 
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3) No correlation was observed between organic matter and 
the organic contaminants. 
4) The consumption of the OCs for agriculture in the belt 
under study is very low. Therefore, the contribution 
due to agricultural runoff is n e g l i g i b l e . The major 
source of the contaminants is possibly the municipal 
wastewaters originating from residential areas as these 
pesticides are used for vector control. 
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Chapter 7 
OILY SLUDGE DISPOSAL ON LAND - 'LANDFARMING' 
7.1 INTRODUCTION 
Petroleum is the principal source of energy, lubricants and 
solvents. It is also the principal feedstock for the manufacture 
of p l a s t i c s , f i b e r s , d e t e r g e n t s , and a large v a r i e t y of 
industrial chemicals. Because of the volume involved, refinery 
and related petrochemical industries constitute a large potential 
threat in terms of environmental pollution. The refining of crude 
oil produces residues of tar and asphalt which forms oily sludge. 
Oily sludge is also generated from the bottoms of storage tanks, 
equipment cleaning operations and during wastewater treatment. 
Technological and economic factors c u r r e n t l y d i s c o u r a g e the 
reclamation of oil from these sludges, and they constitute a very 
substantial disposal problem. P o s s i b l e disposal methods are 
incineration, deep-well injection, burial in a secure chemical 
landfill, or 1andtreatment (1andfarming). Among these methods, 
landtreatment is the most attractive and a widely used means for 
disposal of oily sludges. This technique uses the activity of 
soil m i c r o o r g a n i s m s to d e g r a d e or i m m o b i l i z e the v a r i o u s 
components of hazardous waste materials [1]. Organic compounds 
are converted to mineral constitutents and h u m u s , and heavy 
metals are bound or precipitated. 
Landspreading can be a viable disposal method for oily 
sludges [21. Oily sludges were applied to a level of 8-10X oil 
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and allowed to decompose to <2% over 2-3 months. A disposal rate 
of >200m of oil per ha per year was achieved. The contamination 
of groundwater is unlikely with properly managed 1andspreading 
sites. 
The infiltration and biodegradation of medium m o l e c u l a r 
w e i g h t h y d r o c a r b o n s w e r e s t u d i e d in f i e l d and l y s i m e t e r 
experiments [3] with an initial loading rate of 4 kg/m^ of a gas-
oil cut applied to s o i l . After 3.5 y e a r s , it was 
found that 94X of the fossil hydrocarbons were removed from the 
field and 83% from the lysimeter. Microbial degradation was found 
active in the 30 cm upper layer of the soil and the undegraded 
r e s i d u e w a s c o m p o s e d of c y c l i c a l k a n e s and a r o m a t i c s . 
Hydrocarbons were found to penetrate down to 60 cm in the field 
and 80 cm in the lysimeter. Leaching of unmodified hydrocarbons 
towards groundwater was slight. 
A laboratory study was conducted with the aim of evaluating 
and optimizing the environmental parameters of landfarming [4]. 
Oil sludge biodegradation was found optimal at a soil water-
holding capacity of 30-9056, a pH of 7.5-7.8, C:N and C:P ratios 
of 60:1 and 800:1, respectively and a t e m p e r a t u r e of 25''C or 
above. The frequency of oily sludge a p p l i c a t i o n s is strongly 
dependent on the type of hydrocarbons and the e n v i r o n m e n t a l 
conditions [5]. Landfarming favour high hydrocarbon application 
rates of 5-10%. Under favourable conditions, a 5% application can 
be repeated at about 4-month i n t e r v a l s . This allows for the 
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disposal of 200 metric tons of waste oil or 800 metric tons of 
sludge with 25% oil content, per ha per year in two separate 
applications. 
An a t t e m p t to i n t e g r a t e i n f o r m a t i o n on r a t e s of oil 
biodegradation in soil was made [6] by analyzing the datas of 
nine separate studies. They found that between 0.1 and of the 
oil present was degraded each d a y . These rates appear to be 
a p p l i c a b l e to r e a s o n a b l y b i o d e g r a d a b l e h y d r o c a r b o n s or 
hydrocarbon mixtures added to soil at moderate rates and under 
mesophilic temperature conditions. 
The results"from batch and column leaching tests on the 
Rundle spent shale [7, 8] showed that the readily leachable 
constituents consist of a very small fraction ("2% by weight) of 
the mineral matrix. Ion exchange and sorption p h e n o m e n a are 
significant in controlling the leaching rate of both the major 
cationic metal species and the trace e l e m e n t s and w e a t h e r i n g 
reactions appear to play a significant role in the continued slow 
leaching of the major and minor species from the lysimeter [9]. 
Heavy crude and fuel oils contain potentially toxic trace 
metals which may accumulate in contaminated soils [10, 111. It 
was observed that heavy metals Mn, Cu, Pb, Cr and Zn accumulated 
in the top 30 cm when 55« oily wastes was applied to a neutral 
soil [12]. Heavy metals are more readily mobilized in acidic soil 
and may leach from these into groundwater. 
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Several workers [13-19] have reported that oily wastes 
application to soil in moderate amounts f1-5% oil in the upper 15 
cm soil layer) usually has less-deleterious effects on the plant 
community than do large-scale accidental spills. It was concluded 
that very low hydrocarbon levels {<1% oil) may actually stimulate 
plant growth and crop yield [181. A study on the effect of a 
crude oil spill on cereals [20] showed that the oil contamination 
cause damage to the soil structure and caused serious yield 
decrease during the next summer. Petroleum contamination of a 
terrestrial ecosystem affects not only the micr;obiota of a soil 
but also the resident macrocommunity [21]. 
It has been recommended that legumes because of their 
nitrogen-fixing ability be grown on oil polluted soil [22]. 
Generally, the plant types most s u s c e p t i b l e to oil p o l l u t i o n 
include seedlings, animals, plants with a large surface area or 
shallow root system, mosses and lichens [23, 6]. 
So far, no work on oily sludge disposal by landfarming in 
this country has been reported in literature. Gujarat refinery, 
Indian Oil Corporation, Baroda, initiated some studies which were 
not conclusive. Therefore a field scale two years project was 
undertaken at Gujarat Refinery premises with a view to study oily 
sludge application to the soil as a disposal alternative. 
The objective of the study were as follows : 
(i) To evaluate the extent of oil decomposition in soil, 
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Changes in its characteristics and effect on crop under 
various levels of sludge application. 
(ii) To recommend suitable application rate commensurate 
with its decomposition rate and maintenance of soil 
productivity. 
7.2 EXPERIMENTAL 
7.2.1 Work Programme 
An area of about 1000m^ within the refinery p r e m i s e s , 
bounded by refinery boundary wall and railway line was selected. 
It was cleared of bushes, stones, etc., and thoroughly ploughed 
by tractor. The site was developed into five large size plots, 
each containing four, 4m x 4m, experimental beds. This work was 
completed by February 28, 1990. 
Figure 7.1 shows time-activity chart for the total work from 
February 1, 1990 to October 1991. 
7.2.2 Sludge Application and Turnings 
Sludge from job 282 was applied at the rate of 50 and 100 
1/m^ each to eight beds. The first sludge application was 
completed in 10 days from March 20 to 31, 1990. One plot with 
four beds was kept as control with no sludge application. After 
the first cycle of sludge application and crop cultivation was 
completed and the soil was given rest for about two months, the 
second cycle was started with oily sludge application on December 
14 and 15, 1990. 
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For the second application, two of the earlier plots were 
discontinued and two additional plots were introduced. Thus in 
the second cycle the following plots were maintained in which 
crop was grown : 
(i) Plot which received 50 1 oily sludge/m^ in the first 
and second cycle. 
(ii) Plot which received 100 1 oily sludge/m^ in the first 
and second cycle. 
(iii) New plot which received 50 1 oily s l u d g e / m ^ in the 
second cycle only., 
(iv) New plot which received 100 1 oily sludge/m^ in the 
second cycle only. 
Cv) Control with no oily sludge application. 
In addition to above another plot was started with 50 1 oily 
sludge/m in which no crop was grown. 
To facilitate soil aeration and thorough mixing of sludge 
and soil and encourage microbial g r o w t h , the.soil was turned 
periodically. This operation was started in the first cycle on 
April 2, 1990 and continued till May 12, 1990. During this period 
five soil turnings were done. In the second cycle eight soil 
turnings were done between December 23, 1990 and March 25, 1991. 
Urea at the rate of 100 kg N/ha was uniformly applied to each bed 
after the first turning. Watering of plots was done in between 
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two successive turnings. 
7.2.3 Sowing of Crop 
Seeds of millet (Sorghum vulgare L) var.CH-9 were obtained 
from Government Seed Agency, Chani, Baroda. Prior to sowing seeds 
were tested for their viability which was found to be 99%. Seeds 
were sown at the rate of 40 kg/ha using standard recommended 
procedures. Seeds were sown on May 15, 1990 in the first cycle 
and April 15, 1991 in the second cycle. 
7.2.4 Fertilizer and Water Applications 
The recommended dose of commercial grade fertilizer was 
applied at the rate of 120 kg N/ha as urea, 80 kg P/ha as 
superphosphate and 60 kg K/ha in the form of muriate of potash. 
The dose N120 P80 K60 was applied in two equal parts, 30 and 75 
days after sowing in both the cycles. 
7.2.5 Crop Growth 
Various parameters of growth were studied at two stages of 
plant growth, i.e., 75 and 105 days after sowing to determine the 
effect of applied sludge on plant development. The parameteVs are 
given below : 
(i) Height/plant 
(i i) Leaf No./plant 
7.2.6 Soil Quality and Sampling 
Vide Chapter 2 (section 2.3, 2.4, 2.5 & 3.0). 
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7.2.7 Analytical Techniques 
Vide Chapter 2. 
7.3 RESULTS AND DISCUSSION 
7.3.1 Oily Sludge Application 
Tables 7.1 a 8e b give analysis of oily sludge samples 
collected on three and two different days during the application 
period in the first and second cycles, respectively. 
The oil fraction of the sludge was higher because the sludge 
used for experiment was not given steam pit t r e a t m e n t . Such 
values were recorded in both the cycles (Table 7.1a & b) and in 
Envirotech study also. As stated in section 7.2.2, this sludge 
was applied at two rates of 50 and 100 1/m^. It is understood 
that oil content of sludges after steam pit treatment is in the 
range of 5-20%. Analysis of a steam pit treated sludge showed 
19.25X oil, 4.5% moisture and 76.25% residue. 
7.3.2 Response of Crop 
Growth parameters for the millet crop during the first and 
second cycles are shown in Tables 7.2a & b, respectively. The 
tables show height of plant and leaf number/plant after 75 and 
105 days of sowing. It is seen that both height and leaf number 
per plant were affected by oily sludge application when compared 
to the control both in the case of new plots and those which had 
received oily'sludge application in the earlier cycle. Similar 
observations were recorded in both the cycles. 
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TABLE 7.1a : OILY SLUDGE COMPOSITION, PERCENT 
Fraction, % 
19.3.90 
Date 
20.3.90 21.3.90 
Average 
Oil 
Moisture 
Residue 
78.5 
10.5 
11.0 
72.4 
14.0 
13.6 
83.1 
8 .0 
8.9 
78.0 
10.8 
11 .2 
TABLE 7.1b : OILY SLUDGE COMPOSITION, PERCENT 
Fraction, % 
14.12.90 
Date 
15.12.90 
Average 
15.12.90 
Oil 
Moisture 
Residue 
83.7 
7.6 
8.7 
8 2 . 1 
8.4 
9.5 
79.8 
7.4 
12.8 
81 .87 
7.8 
10.33 
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TABLE 7.2a : EFFECT OF OIL APPLICATION ON GROWTH 
Oil Application Rate 
Growth Parameters --• 
days after sowing Control 50 1/m 100 1/m 
75 105 75 105 75 105 
Height/plant (cm) 150.5 189.9 135.2 188.3 134.8 147.4 
Leaf no./plant 12 16 10 13 9 12 
TABLE 7.2b : EFFECT OF OIL APPUCATION ON GROWTH 
o n Application Rate 
Growth Paranetsrs 
days after sowing Control 50 1/in^* 100 l/iti^ * 50 1/ra^ 100 1/m^ 
75 105 75 105 75 105 75 105 75 105 
Height/plant (cm) 167.6 207.4 152.4 199.7 142.6 156.3 145.6 182.6 138.7 152.4 
Leaf no./plant 13 21 12 18 10 14 10 15 10 13 
*N9W Plots. 
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Tables 7,3a & b show the crop produce In terms of grains and 
stalks. In the first cycle (Table 7.3a), there was a reduction in 
grain yield of 31 and 39% for application rates of 50 and 100 
1/m^, respectively. The reduction in stalk weights was about 20% 
for both application rates. Whereas in the second cycle (Table 
7.3b), there was a reduction in the grain yield of 25 and 335K for 
both application rates, respectively for the new plots. For the 
old plots the reduction of the grain yield was 34 to A3%, 
r e s p e c t i v e l y , s h o w i n g the c u m u l a t i v e e f f e c t of s l u d g e 
application. The reduction in stalk weights was from 21 to 355*5. 
Tables 7.4a & b show the NPK content of the leaves of the 
c r o p a f t e r h a r v e s t i n g in the f i r s t and s e c o n d c y c l e , 
respectively. It is seen that there was no significant effect of 
oil application on this parameter. 
7.3.3 Soil Characteristics and Oil Persistence 
The oil samples from plots receiving the two a p p l i c a t i o n 
rates of 50 and 100 1/m^ and from-control were analysed for their 
inorganic constituents at the begining of the first and second 
cycle (before application of oily sludge) and after harvesting. 
These data are given in Tables 7.5a & b and 7.6a & b. There seems 
to be no e f f e c t on t h e s e c h a r a c t e r i s t i c s due to s l u d g e 
application. 
Oil in soil s a m p l e s w a s m e a s u r e d by p e t r o l e u m e t h e r 
extraction. Tables 7.7a & b show these values for the two 
application rates and control at different times during the first 
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TABLE 7.3a : EFFECT OF OIL APPLICATION ON CROP YIELD 
Products Control 
Oil Application Rate 
50 l/m^ 100 l/m^ 
Grain 
fkg/plot) 
Stalks 
fkg/plot) 
2.83 
133.8 
1 .95 
106.0 
1 .73 
107.6 
TABLE 7.3b : EFFECT OF OIL APPLICATION ON CROP YIELD 
Products Control 
Oil Application Rate 
50 1/m^* 100 1/m^* 50 1/m^ 100 l/m^ 
Grain 
(kg/plot) 
Stalks 
(kg/plot) 
3.65 2.75 2.43 2.40 2.07 
154.3 156.9 121.8 113.1 100.4 
New Plots. 
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TABLE 7.4a : NPK CONTENT OF THE LEAVES OF MILLET AFTER 
HARVESTING, mg/1 
Nutrient Control 
Oil Application Rate 
50 l/m^ 100 l/m^ 
N 
P 
K 
5.20 
0.31 
0.49 
4.80 
0.27 
0.46 
4.75 
0.27 
0.47 
TABLE 7.4b : NPK CONTENT OF THE LEAVES OF MILLET AFTER 
HARVESTING, mg/1 
Nutrient Control 
Oil Application Rate 
50 1/m^* 100 1/m^* 50 1/m^ 100 1/m^ 
N 
P 
K 
5.12 
0.36 
0.49 
4. 72 
0.28 
0.48 
4.39 
0.22 
0.43 
4.40 
0.24 
0.42 
4.12 
0.23 
0.46 
New Plots. 
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TABLE 7.5a : ANALYSIS OF SOIL SAMPLESaCBEFORE SLUDGE APPLICATION) 
Date of sampling : 19.3.90 
Parameters Control 
Oil Application Rate 
50 l/m^ 100 l/m^ 
PH^ 6.85 7.0 6.9 
Electrical Conductivity^ 
(umhos/cm at 25''C) 
840 845 854 
Alkalinity (total) 
mg/l as CaCOg 
134.83 157.30 134.83 
Hardness (total) 
mg/l as CaCOg 
392 440 458 
Chloride mg/l 46.79 42. 12 45.86 
Sulphate 29.5 34.5 45.0 
Calcium 60.8 76.8 70.4 
Magnesium 57 .6 59.5 67.7 
Sodium 16.6 13.2 13.3 
Potassium 4.2 5.4 4.8 
Organic Carbon (%) 1 .06 1.10 1 .09 
Cation Exchange Capacity 
(meq/lOOg of soi1 ) 
9.8 7.6 6.4 
Sodium Adsorption Ratio^ 0.5 0.5 0.45 
Water Holding Capacity 
of oven dry soil) 
43.3 42.7 40.8 
a - in 1 : 5 soil water extract, except as indicated 
b - in 1 : 2 soil water extract 
c - based on moisture extract 
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TABLE 7.5b : ANALYSIS OF SOIL SAMPLESafAFTER HARVESTING THE CROP) 
Date of sampling : 17.10.90 
Parameters Control 
Oil Application Rate 
50 l/m^ 100 l/m^ 
PH^ 6.5 6. ,9 7 . ,05 
Electrical Conductivity'^ 
fumhos/cm at 25°C) 
379 554 71 1 
Alkalinity (total) 
mg/1 as CaCOg 
56. 18 134. 83 146. 07 
Hardness (total) 
mg/1 as CaCOg 
192 436 404 
Chloride mg/1 39.31 40. 24 36. 5 
Sulphate 15.0 26. 5 33. 0 
Calcium 54.4 70. 4 62. 4 
Magnesium 13.44 62. 4 59. 5 
Sod i um 9.8 14. 5 1 1 . 3
Potassium 2.8 6. 2 5. 0 
Organic Carbon 0.33 1 . 17 1 . 24 
Cation Exchange Capacity 
(meq/1OOg of soi1) 
10.8 9. 0 8. 0 
Sodium Adsorption Ratio^ 1 .05 0. 84 0. 76 
Water Holding Capacity 
(% of oven dry soi1) 
42.92 35. 3 32. 8 
a - in 1 : 5 soil water extract, except as indicated 
b - in 1 : 2 soil water extract 
c - based on moisture extract 
TABLE 7.6a : AMALYSIS Of SOIL 3AMPLESa(BEFORE SLUDGE APPLICATION) 
Date of sampling : 10.12.90 
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Parameters Control 
o n AooHcation Rate 
50 l/m^* 100 Vm^* 50 /^tl?^  100 1/m^ 
DH 7.4 7.45 7.3 
Electrical Conductivity'' 538 433 479 
fumhos/cn at 25'O 
Alkalinity (total) 113.41 82.48 92.79 
ng/1 as CaCO^ 
Hardness (total) 136 144 156 
mq/1 as CaCOg 
Chloride mq/l 16.72 16.72 22.29 
SulDhate " 20.0 20.0 20.5 
Calcium " 36.8 36.8 28.8 
Maqnesium " 10.56 12.48 20.16 
Sodium " 11.2 12.7 12.8 
Potassium " 6.8 5.5 7.2 
Organic Carbon (X) 1.30 0.90 1.28 
Cation Exchange Cacacitv 10.4 10.2 8.8 
(maq/IOOq of soil) 
Sodium Adsorption Ratio^ 1.12 1.76 1.26 
Water Holding Capacity 47.83 44.73 44.87 
(X of oven dry soil) 
7.2 
583 
168 
46.4 
14.4 
1 2 . 2 
1.97 
8.4 
7.25 
579 
144.34 123.72 
176 
27.86 19.51 
21.5 29.0 
49.6 
12.48 12.48 
16.3 
11.3 
2.12 
8.0 
1.32 1.49 
46.15 43.40 
a - in 1 : 5 soil water extract, except as indicated 
b - in 1 : 2 soil water extract 
c - based on moisture extract 
* - new plots. 
TABLE 7.6b : ANALYSIS OF SOIL SAHPLESafAFTER HARVE3TIMQ THE CROP) 
Date of sanipHnq : 10.10.91 
197 
Paramators Control 
o n Application Rat® 
2* 2* 
SO 1/tn 100 1/m 50 1/tn^  100 1/m^ 
pH 7.1 6.8 6.55 
Electrical Conductivity'' 578 661 687 
rumhos/cn at 25*C) 
Alkalinity (total) 116.79 141.82 127.22 
mg/1 as CaCOj 
Hardness (total) 128 176 160 
mg/1 as CaCO^ 
Chloride mg/1 23.8 30.28 28.11 
Sulphate •• 21.5 36.0 33.0 
Calcium " 37.6 52.8 44.0 
Hagnaaium " 8.16 10.56 12.0 
Sodium " 7.4 13.2 13.0 
Potassium " 6.1 7.5 7.6 
Organic Carbon (XI 1.11 1.51 1.86 
Cation Exchange Capacity 12.84 10.44 9.76 
(meq/IOOg of soil) 
Sodium Adsorption Ratio'^ 0.96 0.93 0.86 
Water Holding Capacity 52.32 41.33 39.12 
(X of oven dry soil) 
6.65 6.8 
766 
184 
25.58 
34.0 
54.4 
11.52 
16.3 
10.4 
1.80 
9.32 
628 
154,32 123.05 
164 
36.61 
35.0 
38.4 
16.32 
13.8 
8.0 
2.16 
8.72 
1.32 1.41 
39.43 35.74 
a - in 1 : 5 soil water extract, except as indicated 
b - in 1 : 2 soil water extract 
c - based on moisture extract 
» - new plots. 
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TABLE 7.7a CHANGES IN CHARACTERISTICS OF SOIL DURING 
THE PERIOD OF STUDY 
Months 
11 13 15 18 
Date 
Analysis 
% 19.3.90® 14.5.90 16.7.90 17.10..90 
Oil^ (1) 2.7 1.45 1.23 0.1 
(2) 5.2 10.15 7.4 7.25 
(3) 5.1 10.81 7.7 7.4 
Organic f1) 1.06 0.714 0.71 0.33 
Carbon'^ (2) 1.10 1.37 1.48 1.17 
(3) 1.09 1.57 1.60 1.24 
Water (1) 43.3 47.14 42.14 42.92 
Holding (2) 42.7 36.6 34.9 35.3 
Capacity f3) 40.8 34.3 31.6 32.8 
a - before oil application 
b - after oil extraction 
c - petroleum ether extractable 
Rows (1), (2) and (3) correspond to samples from plots receiving 
no oil (control), 50 1/m^ and 100 1/m^ application, respectively. 
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TABLH 7.7b : CHANGES IN CHARACTERISTICS OF SOIL DURING THE PERIOD OF STUDY 
Months 
20 20 22 24 26 28 30 
Data 
Analvaia 
X 10.12.90® 24.12.90 23.2.91 12.4.91 12.6.91 12.8.91 10.10.91 
on'^ n i 2.16 1.96 1.10 1.00 0.60 0.48 0.31 
(21* 1.32 9.24 8.10 7.02 7.04 6.12 5.27 
f3)* 0.37 11.00 9.40 7.63 7.14 6.74 5.95 
(4) 6.94 11.63 10,87 9.21 9.05 8.24 7.94 
(5) 6.97 15.35 12.20 11.16 9.73 9.11 8.35 
(6) ND 12.82 11.19 10.02 9.50 8.53 8.01 
Organic M l 1.30 0.93 0.78 1.04 1.83 1.48 1.11 
Carbon'' (21* 0.90 2.63 2.56 2.05 2.03 1.92 1.51 
(3)* 1.28 3.02 2.98 2.91 2.87 1.89 1,86 
f4) 1.97 2,93 2,92 3,06 2,81 1,83 1,80 
(5) 2.12 3.46 3.25 3,18 2.78 2.45 2,16 
Water f1) 47.83 45.16 48.48 50.06 53.32 46.67 52.32 
Holding f2)* 44.73 39,22 37,40 37.06 38,52 39,78 41.33 
Capacity (3)* 44.87 37,50 35,81 37.20 36,83 37,94 39,21 
(4) 46.15 38.86 35.02 35.80 35.42 38.70 39,43 
(51 43,40 24.02 30,17 30,64 32.35 34.09 35.74 
a - before oil application, b - after oil extraction. c - petroleum ether extractable 
» - new plots. ND - not determined, 
Rowa (11. (21 4 H I . (31 4 (51 and f6) correspond to aamplea from plots receiving no oil 
(controll, 50 1/b^ application. 100 application and 50 1/in^  application without crop, 
reapectivelv. 
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and second cycles, respectively. It is noted that as recorded 
earlier for the first cycle there, seems to be no difference in 
the oil content of soil samples from the two plots which received 
50 and 100 1/m s l u d g e in the s e c o n d c y c l e t o o . S i m i l a r 
observation was made during the study conducted by M/s Envirotech 
Consultants also. 
The data obtained in both cycles and the earlier Environtech 
study are presented in Figure 7.2. The initial readings, i.e., at 
0 month, 11 month, and 20 month in the figure were computed on 
the basis of amount of oil applied, assuming 20 cm soil depth, 
oil sludge density 1000 kg/m^, and soil density 1500 kg/m^. For 
the 11 and 20 month readings the oil remaining in the soil from 
the previous application was added to the computed value. The 
fact that the soil samples from plots with highest application of 
100 1 oily sludge/m^ had similar oil content as the soil samples 
from plots receiving lesser application of 50 1 oily sludge/m^ 
leads to the conclusion that there was extensive evaporation, 
photochemical degradation and leaching of oil in the initial 
period of about 15 days. Therefore, the sharp decline immediately 
after application of oily sludge cannot be taken as the rate of 
biological decomposition. From the data of Figure 7,2, it may be 
concluded that the biological decomposition rate is represented 
by the slope of the later part of the curves which is about 0.01 
kg oil/kg soil per 4 months, or 0.0025 kg oil/kg soil per month. 
In terms of volumetric aerial loading rate this amounts to 0.94 1 
o 
s1udge/m .month. 
1 10 
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Fig 7.2: Change in Oil Content of Soil from Plots Receiving 
Oily Sludge for Three Crop Seasons 
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(.0025 kg Oil 1 kg sludge 1 m3 sludge 
\ kg soil 0.8 kg oil 1000 kg sludge 
1500 kg soil 0.20 m^ soil 1000 1\ 
m^ soil m^ area 1 m^ I 
Therefore, leaving two months every year for resting of soil 
and preparation, the yearly permissible application rate comes 
out to be 9.4 1 sludge/m^.year, The figure also shows the oil 
content of soil in the control plot. It is seen that the control 
plot which had some oil to start with also showed a similar 
decomposition rate. It should be pointed out that the above 
r e c o m m e n d e d r a t e of 9.4 1 s 1 u d g e / m ^ . y e a r is for s l u d g e s 
containing 80% oil. For well treated sludges from steam pits 
where the oil content will be much less, the application rate 
could be correspondingly higher. Figure 7.2 also shows the 
variation in oil content of soil from plot in which no crop was 
grown. It is seen that cultivation of crop does not seem to help 
I 
the b i o d e g r a d a t i o n of the o i l . H o w e v e r , if s i m u l t a n e o u s 
cultivation is practised it would be possible to obtain a useful 
product from the land. Figure 7.3 shows data of new plots in the 
second cycle. The rate of sludge d e c o m p o s i t i o n o b s e r v e d is 
similar to the trend observed in the first cycle (Figure 7.2). 
Soil samples from various depths were collected after 5 and 
10 months. Oil content of these samples is given in Tables 7.8 
and 7.9. The data are also presented in Figure 7.4. It is seen 
that small amounts of oil leached upto a depth of 160 cm. These 
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TABLE 7.8 : OIL CONTENT IN SOIL AT VARIOUS DEPTH (X) 
(AFTER 5 MONTHS OF SLUDGE APPLICATION IN THE SECOND CYCLE) 
Date of Sampling : 25 & 27.5.1991 
Depth (cm) Control 
Oil Application Rate 
50 l/m2* 100 l/m^* 50 1/m^ 100 l/m^ 
60-75 0.09 0 .19 0.28 0.54 0.80 
90-105 0.04 0 . 1 1 0.13 0.18 0.41 
120-135 0.04 0 .08 0.09 0.11 0.39 
150-165 0.03 0 .05 0.06 0.09 0.10 
* - new plots. 
TABLE 7.9 : OIL CONTENT IN SOIL AT VARIOUS DEPTH (%) 
(AFTER 10 MONTHS OF SLUDGE APPLICATION IN THE SECOND CYCLE) 
Date of Sampling : 10, 11 & 12.10.1991. 
Depth (cm) Control 
Oil Application Rate 
50 l/m^* 100 l/m^* 50 1/m^ 100 l/m^ 50 l/m^ 
30-45 0.09 0.14 0.26 0.50 0. 94 0. 48 
60-75 0.05 0.09 0.12 0. 154 0. 38 0. 22 
90-105 0.04 0.072 0.06 0.09 0. 23 0. 065 
120-135 0.05 0.07 0.07 0.073 0. 11 0. 051 
150-165 0.03 0.06 0.058 0.072 0. 09 0. 051 
* - new plots, # - No crop. 
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observations show that leaching of oil was very much limited. 
The high initial rate of disappearance of oil immediately after 
a p p l i c a t i o n of s l u d g e t h e r e f o r e m u s t be a t t r i b u t e d to 
volatilization and photochemical oxidation. Both the reaction 
seem to be concentration dependent, i.e., were much higher for 
plots receiving higher sludge application. 
Organic matter which was not extractable by petroleum ether 
w a s d e t e r m i n e d by c h e m i c a l o x i d a t i o n of soil a f t e r oil 
extraction. These values are also shown in Table 7.7a & b. It is 
seen that this fraction of organic matter was higher in samples 
r e c e i v i n g oil a p p l i c a t i o n . T h i s w a s p r o b a b l y due to the 
undegraded residue composed of cyclic alkanes and aromatics [2] 
not extractable by petroleum ether. This extra fraction, however, 
was not significant when compared to the control. 
It is seen from Table 7.7a & b that the application of oil 
reduces the water holding capacity of the s o i l . This is most 
probably due to the partial coating of soil s u r f a c e s by the 
hydrophobic hydrocarbons. The water holding capacity would 
ultimately again increase with time as the oil is metabolized. 
7.3.4 Heavy Metals 
Tables 7.10 and 7.11 show the concentration of various heavy 
metals in the oily sludge used in the first and second cycles, 
respectively. The annual application rates of heavy metals on the 
basis of ICQ 1/m^ of oil application is given in Table 7.12. Most 
heavy metals become quite insoluble in soil of pH 6 or more as in 
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TABLE 7.10 : HEAVY METALS IN SLUDGE SAMPLES, mg/kg wet weight 
Element 19.3.90 20.3.90 21.3.90 Average 
Cd 0.15 0.22 0.26 0.21 
Co 4.26 1 1 .46 12.64 9.45 
Cr 3.54 6.72 7.10 ' 5.79 
Ni 97.88 84.06 65.33 82.42 
Pb 19.33 30.21 25. 16 24.90 
Zn 8.10 21 .48 25.27 18.28 
V 17.83 24. 12 19.54 20. 50 
Hg 0.90 0.07 0.09 0.08 
TABLE 7.11 : HEAVY METALS IN SLUDGE SAMPLES, mg/kg wet weight 
Element 14.12.90 15.12.90 15.12.90 Average 
Cd 0.04 0.05 0.05 0.047 
Co 2.25 2.41 2.27 2.31 
Cr 1 .35 1 .71 1 .49 1 .52 
Ni 36.35 25.86 23.38 28.53 
Pb 3.38 4. 70 4.89 , 4.32 
Zn 2.45 1 .53 3.34 2.44 
V 1 1 .20 8.32 10.37 9.97 
Hg 0.13 0.18 0.1 1 0.14 
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present case. Cadmium being more highly soluble than other heavy 
metals is frequently used in regulatory standards. Application of 
Cd, according to Environmental Protection Agency, USA, standard 
(1987), should not exceed 0.5 kg Cd/ha annually. It is seen that 
the application of the metals through oily sludge application is 
w i t h i n t h i s l i m i t . H o w e v e r , the m e t a l s ca:n a c c u m u l a t e by 
adsorption on the soil matrix and p e r s i s t for long t i m e . The 
heavy metal content of steam pit treated sludge is given in Table 
7.13. It is seen that the concentrations of various metals are of 
the same order of magnitude. 
Tables 7.14 and 7.15 give concentration of heavy metals in 
soil samples from various plots before sludge application and 
after harvesting of the crop in the first and second c y c l e s , 
r e s p e c t i v e l y . It a p p e a r s t h a t t h e r e is no d i s c e r n a b l e 
accumulation of the metals in the soil. 
Five heavy metals (Fe, Mn, Zn, Cu, Mo) are essential for all 
higher plants. With the exception of Fe and Mn toxicity, heavy 
metal toxicity is not generally regarded as an agricultural or 
horticultural problem. However, the role of elevated heavy metal 
contents of plant products in the food chain of animals and man 
in an ecosystem is of great environmental concern from view point 
of heavy metal toxicity to the c o n s u m e r s . Based on a set of 
s i m p l e c r i t e r i a r e l a t e d to the o c c u r r e n c e , the n a t u r a l 
concentration, release pattern and toxicity of metals, following 
priority classification is suggested : 
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TABLE 7.12 : HEAVY METALS APPLIED FOR 100 l/m2 SLUDGE 
APPLICATION, kg/ha.year 
Element March 1990 December 1990 
Cd 0.21 0.05 
Co 9.45 2.31 
Cr 5.79 1 .52 
Ni 82.42 28.53 
Pb 24.90 4.32 
Zn 18.28 2.44 
V 20.50 9.97 
Hg 0.08 0.14 
TABLE 7.13 : HEAVY METALS IN SLUDGE AFTER STEAM PIT 
TREATMENT, mg/kg wet weight 
Element 18.03.92 18.03.92 Average 
Cd 0.72 0. 77 0. 75 
Co 0.13 0.09 0.11 
Cr 17.58 18.00 17.79 
Ni 25.52 29.70 27.61 
Pb 33.24 32.69 32.97 
Zn 4.37 4.43 4.40 
V 9.08 10.32 9.70 
Hg 0.06 0.08 0.07 
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TABLE 7.14 : HEAVY METALS IN SOIL SAMPLES, tng/kg dry weight 
Element Before oil application After harvesting the crop 
Control 50 l/m^ 100 l/m^ Control 50 l/m^ 100 l/m^ 
Cd 0.86 1.12 0.92 0.72 0.76 0. 84 
Co 18.56 16.84 16.66 13.96 14.44 13. 60 
Cr 18.36 17.70 17.24 12.32 12.18 12. 86 
Ni 79.80 74.58 72.60 43.24 145.12 37. 78 
Pb 188.74 184.34 170.54 92.86 115.46 110. 68 
Zn . 72.52 78.12 81 .72 35.00 66.00 47 . 60 
V 111.42 105.38 121.64 92. 10 90.44 101 . 18 
Hg ND ND ND ND 0.07 0. 12 
TABLE 7.15 : HEAVY ffiTALS IN SOIL 3WLES. •3 /kg dry woinht 
Elenent Before oil application 
Control 50 1/B^* 100 1/m^* 50 1/m^ 100 1/m^ 
After harvesting the crop 
Control 50 1/m^* 100 1/m^* 50 1/m^ 100 1/m^ 
Cd 
Co 
0.66 0.78 0.66 
13.96 15.38 12.60 
Cr 26.14 29.32 23.34 
Ni 28.36 21.34 16.80 
Pb 15.20 16.40 15.80 
Zn 4,90 5.08 4.72 
V 14.06 12.34 38.92 
Hg NO ND ND 
* - neM plots 
NO - not detectable. 
0.62 ' 0.70 
14.22 14.86 
27.48 
11.56 
11.80 
5.02 
27.20 
0.04 
23.76 
20.94 
14.80 
6.06 
50.42 
0.06 
1.00 0.96 0.86 0.84 0.84 
12.86 13.30 12.10 10.64 14.88 
18.48 28.22 20.10 22.00 24.54 
17.00 17.80 12.50 15.42 15.42 
6.56 4.76 5.56 4.56 5.56 
4.38 4.94 4.62 4.50 4.60 
10.20 8.66 23.52 18.40 34.10 
NO O.OB 0.09 0.10 0.16 
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TABLE 7.16 : HEAVY METALS IN BIOMASS OF MILLET, ug/g dry weight, 
17.10.1990 
Element Grain Leaves 
Control 50 1/m^ 100 1/m^ Control 50 1/m^ 100 1/m^ 
Cd 
Co 
Cr 
Ni 
Pb 
Zn 
V 
Hg 
ND 
0.23 
2 . 1 6 
1 .48 
1 .37 
22. 10 
ND 
0.09 
1 .59 
1 .20 
1 .98 
23.97 
0.01 
0 . 2 8 
1 .30 
1 . 1 8 
2 . 6 6 
25.22 
ND 
ND 
ND 
0.47 
3.33 
39.08 
ND 
10.46 
0.18 
0.90 
10.48 
45.26 
0.29 
9.36 
0.17 
2.17 
1 1 .88 
55.88 
1 .40 
1 0 . 0 2 
TABLE 7.17 : HEAVY METALS IN BIOHASS OF MILLET, ug/9 dry weight, 
to.10.1991 
Element 
Cd 
Co 
Cr 
NI 
Pb 
Zn 
V 
Hq 
Grain Leaves 
Control 50 1/b^* 100 1/m^* 50 1/m^ 100 l/m^ Control 50 1/m^* 100 1/m^* 50 1/m^ 100 1/m^ 
ND 
0.47 
0.72 
0.37 
0.24 
2.40 
ND 
0.10 
0.63 
0.22 
0.16 
2.67 
ND 
0.05 
0.46 
0.90 
0.34 
2.47 
NO 
0.01 
0.10 
0.42 
0.47 
2.48 
ND 
0.78 
0.92 
1.08 
0.82 
3.04 
ND 
NO 
ND 
0.52 
15.75 
4.53 
ND 
0.80 
8.56 
5.20 
ND 
0.82 
10.13 
5.49 
0.02 0.68 0.92 
1.27 1.72 1.94 
ND 
0.24 
9.88 
7.62 
1 . 0 2 
1.87 
ND 
1.64 
13.76 
7,92 
1.68 
2.20 
* - new plots. ND - not detectable. 
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- High priority Hg, Cd 
- Medium priority Cr, Cu, Ni, Pb 
- Low priority Fe, Mn, Zn 
The natural or background heavy metal c o n t e n t of plants 
varies for different metals and from crop to crop. The climate 
where plants are grown also has its e f f e c t . F u r t h e r , their 
concentrations vary in different parts of the same p l a n t . In 
g e n e r a l g r a i n s show less a c c u m u l a t i o n of h e a v y m e t a l s . 
Accumulation of Ni and Zn was reported as 3.5 and 580 u g / g , 
respectively in swiss chard in soils amended with sewage as 
apposed to 1.4 and 70 ug/g in control. Zn, Pb and Cd in pasture 
plants near a lead-zinc smelter were 523, 98 and 2.1 ug/g, while 
78, 7 and 0.2 ug/g, respectively, at a distance of 12 km [24]. 
Table 7.16 and 7.17 show the heavy metal content of biomass 
h a r v e s t e d f r o m the p l o t s in the f i r s t and s e c o n d c y c l e s , 
respectively. Again there is no n o t i c e a b l e d i f f e r e n c e in the 
heavy metal content of biomass from the control plots and that 
from the plots receiving sludge application. Further, considering 
t h e d a t a r e p o r t e d e a r l i e r ( w h i c h may not be n e c e s s a r i l y 
comparable to the present case because of different plants and 
environmental factors}, it may be stated that the heavy metals 
applied with the sludge do not pose any environmental hazards. 
7.4 CONCLUSIONS AND RECOMMENDATIONS 
Based on the observations of oily sludge degradation in soil 
for two years (Feb. 1990 - Oct. 1991), the following conclusions 
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and recommendations are made : 
1. Both 50 and 100 1/m^ oily sludge a p p l i c a t i o n rates 
showed similar oil concentration in the soil. This is 
attributed to high rate of volatilization in the case 
of higher application rate. Samples of soil taken at 
different depths of upto 1,65 m showed that there was 
insignificant amounts of leaching of oil and there was 
marginal difference in leaching for the two application 
rates. 
2. The degradation of oil in the soil is about 0.0025 kg 
oil/kg soil per month. Leaving two months every year 
for resting of soil and preparation of f i e l d s , the 
yearly aerial application rate for an oily sludge 
containing 80% oil comes out to be 9.4 1 sludge/m^. 
year. At this application rate most of the applied oil 
would be degraded in a year and the soil would maintain 
its productivity. In order to supply necessary amounts 
of nutrients for microbial growth the soil should be 
amended with about 200 kg N/ha, 80 kg P/ha and 60 kg 
• K/ha. For lower content oil in the sludge, the sludge 
application can be corresponding1y i n c r e a s e d . For 
example, in case of steam pit treated sludge having 20% 
oil, an application rate of 37.6 l/m^,year may be used. 
3. The rate of biological decomposition of oil achieved 
(0,8 X 9.4 = 7.52 1/m^) is c o m p a r a b l e with those 
2 U 
obtained by Raymond et al. [15], Jensen [25] and Dibble 
and B a r t h a [ 4 ] , i . e . , 7 . 3 9 , 9 . 0 3 and 9.1 1 / m ^ , 
respectively. However,, higher values have been reported 
by Kincannon [26], i.e., 14.8 and 30.4 1/m^. 
4. Cultivation of a hardy crop such as millet alongwith 
sludge application is recommended eventhough this may 
not result in any increase in oily sludge decomposition 
rate. While in the present study because of very high 
(50 as a g a i n s t 9.4 1 o i l y s l u d g e / m ^ . y e a r ) oil 
a p p l i c a t i o n r a t e , t h e r e w a s a n e g a t i v e e f f e c t on 
agricultural productivity, with the present suggested 
application rate of 9.4 1 oily sludge/m^. year, it is 
e x p e c t e d t h a t t h e r e will be a m i n i m a l e f f e c t on 
the product!vity. 
I 
5. Steam pit treated sludge at the above recommended rate 
(37.6 1/m^. year) could also be used in the green belt 
area around the refinery. This would optimize the land 
r e q u i r e m e n t for s l u d g e d i s p o s a l . It w o u l d be 
advantageous to apply the sludge in two installments. A 
regular monitoring programme for soil quality and 
effect on plantation would be necessary. 
6. The oily sludge contains a number of heavy m e t a l s . 
However, the recommended application rate may not pose 
any environmental hazards. 
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